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...Lhe Brush 
Beryllium Company 
did... 

and assured 
7round-the-clock 
production 

of pure beryllium 
billets with 


HEVI-DUTY 


pit-type 
vacuum furnaces 


Operating continuously, two Hevi-Duty pit-type vacuum furnaces 


produce high-purity beryllium billets. 
furnaces supports the presses. 


The framework over the 
Forged heat shields for the test 


models of Project Mercury’s space capsule are being manufactured 
by Brush Beryllium from billets produced in these furnaces. 


Two tons of high-purity beryllium billets are pro- 
duced every week in two Hevi-Duty vacuum fur- 
naces at The Brush Beryllium Company, Elmore, 
Ohio. These specially engineered, double pump 
vacuum furnaces operate continuously—24 hours a 
day; 7 days a week. They produce billets up to 40” 
diameter by 40” high. Brush Beryllium selected 
Hevi-Duty furnaces for continuous and simul- 
taneous application of heat, vacuum and pressure. 
Beryllium powder is sintered at 1050° C. and sub- 
jected to 400 psi pressure inside the furnace retort. 
Three zones of control provide fast heating response, 


and assure the desired, uniform temperature. A 
2000 micron vacuum is maintained at the high 
temperature, and during the cooling cycle. 


Hevi-Duty offers standard bell or pit-type 
vacuum furnaces for operation to 2000° F. (2100° F. 
for intermittent service). 


Hevi-Duty engineers can help you find the 
effective solution to most of your heat application 
problems. Whether it is a standard or special job, 
Hevi-Duty designs and builds the electric or fuel- 
fired furnace for most processing requirements. 


so] ee 


@--@aSK HEVI-DUTY 


_ ' for more information about 

“ vacuum furnaces with operating 
temperatures to 2100° F. 

Write for Bulletins 557 and 653A. 


A DIVISION OF BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces *« Dry Type Transformers * Constant Current Regulators 
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Why Foundries 
are Sold on 


CarVer 


RAPID 
MULLER 


CHECK... COMPARE AND 
YOU'LL CHOOSE CARVER! 


The fastest! A batch 
every 75 seconds!* 


Only one moving part... 
no maintenance worries! 


Absolutely no lumps 
or wet spots! 


Easiest to clean! 
Just reach inside! 


3 times lower initial 
investment than with 
most mullers! 


Works equally well with 
any kind of binder! 


*Applies to CO2z Sand. Oil sand may take up to three minutes. 


CARVER FOUNDRY PRODUCTS CO. M-3 
Muscatine, lowa 


I want to compare! Tell me more about Carver 
Rapid Muller. 


NAME 


FOUNDRY 


Peer eee eee eee sesso 4 
Se | 
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WATER-COOLED CUPOLA OPERATION. . 

















MODERN 


1000’ F. 


HEATER 








Nozzle-mix, gas x, = Modern, #96 W-C, water-cooled cupola is 96" dia. in the carbon-lined, offset well. 
burner of 22 Cupola is fired by 1000° F. Modern heater. Melting progresses continuously; 5 days a 
million BTU , week and 24 hours daily. 


EFFICIENCY BOOSTED BY 1000° F. RECIRCULATORY HEATER .. . 


Again, the nation’s melting costs are boiling down! NOW, MODERN, 
economical and highly flexible water-cooled cupolas are fired by new, 
MODERN, recirculatory, hot-blast heaters: 


Blast air, to 1000° F. and in volumes to 12,500 
CFM is helping to cut coke ratios while 
producing better metal, for ingot-molds, at 
Vulcan Mold & Iron Company, Lansing, IIli- 
nois. Among the major advantages, as gained 
at Vulcan are: 


e Flexibility and fine control over melting 
processes ... 


e Prolonged periods of melting without drop- 






MODERN, externally- 
fired, -tube-type, recir- 
culatory, cupola air 
heater is supplying 











ne 1000° F. at 12,500 CFM. ping bottom... 
« io: Modern valves control 
- air-flow to cupola and e Decreased costs for coke, refractory and 
Os | a : j te relief. maintenance . . 
¥ Melting, at Vulcan Mold & Iron Company, 


progresses continuously from Monday morn- 
ing until Friday night. All these and other 
benefits are covered in new bulletin 149-A. 





Dept. M-3 
MODERN EQUIPMENT COMPANY 
Back of #96 W-C, MODERN Port Washington, Wisconsin 


cupola. Master control panel 
at left. 
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ALUMINUM AUTOMOTIVE CASTINGS by R. F. Thomson 
General Motors Corp. has taken a bold step into. the future 
with their use of aluminum in the Corvair engine. 
NEW BREAKTHROUGH ON CASTING TITANIUM by A. R. C. Westwood 
High production mold making technique utilizes shell molding 
process with graphite-resin mix. 
AFS CASTINGS CONGRESS 
Preview of metalcastings technology scheduled for the 1960 
Congress. 
AFS EXPOSITION 
Exhibitor's products are now being previewed. 
LOW PHOSPHOROUS AND SULPHUR FOR HIGH DUCTILITY AND TOUGHNESS IN 
STEEL CASTINGS by J. Zotos 
Better steel making practices are steadily pushing back the 
ultimates in physical properties. 
HERE’S HOW .... castings are being used . . . problems are being solved 
PLASTICS FOR CONSTRUCTION, MODIFICATION AND REPAIR OF PATTERNS 
by T. S. Johnston 
Once you get started using epoxy resins around the foundry, 
you just seem to find more ways it can help you out of trouble. 
SMALL FOUNDRY MAKES LARGE CASTINGS by J. G. Sylvia 
Yankee ingenuity solves problem of pouring 14,000 Ib lead 
keel. 
FORMATION OF DISPERSIONS IN MOLTEN COPPER BY MECHANICAL MIXING 
by D. N. Williams, J. W. Roberts and R. |. Jaffee 
Now you can improve tensile and stress rupture of copper-base 
alloys by adding fine particles of molybdenum and tungsten 
carbide. 
MOLDING SAND CONTROL BY GREEN COMPRESSIVE AND SHEAR STRENGTHS TESTING 
by R. W. Heine, E. H. King and J. S. Schumacher 
Here’s a new method for determining the bonding power or 
“effective clay content” of your molding sand. 
ULTRA HIGH PRESSURE CASTING by J. L. Reiss and E. C. Kron 
When aluminum is subjected to 100,000 psi during solidifica- 
tion some amazing things happen! 
SHORT-TIME ELEVATED TEMPERATURE PROPERTIES OF PREMIUM QUALITY MAGNESIUM 
CASTINGS by Walter Gronvold 
Short-life missiles introduce a new dimension to engineered 
castings. 
SELECTED PRINCIPLES OF SOIL MECHANICS RELATED TO SAND TESTING, MOLDS AND 
CORES by Douglas C. Williams 
A new approach to studying sand flowability yields explana- 
tion to mold and core cracking. 
SHELL-MOLDED TEST BARS FOR TIN BRONZE CASTING ALLOYS by S. Goldspiel, 
E. W. Chrzan and M. L. Foster 
Fast production of ready-to-use bronze alloy test bars through 
shell molding has commercial possibilities. 
GRAY CAST IRON CHARPY IMPACT TEST AND IMPACT MODULUS by Albert de Sy 
Impact modulus is a new dimension for evaluating gray iron 
quality. 
NONMETALLIC MACROINCLUSION CAUSES IN STEEL CASTINGS DEOXIDIZED WITH 
ALUMINUM by L. H. Van Viack, R. A. Flinn and G. A. Colligan 
This AFS Training and Research Institute report tells how 
ladle refractories and sand molds can be source of inclusions 
in steel. 
REACTIONS BETWEEN REFRACTORIES AND MOLTEN STEEL CONTAINING ALUMINUM 
by L. H. Van Viack and R. A. Flinn 
Use high alumina or high silica refractories instead of fireclay 
if you want to hold down inclusions in steel castings. 
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he’s using power tools 
made with aluminum 








Today’s homeowner is handier than ever and the 
professional works faster, delivers a better job— 
thanks to power tools and the versatility of alu- 
minum. Whether you’re sawing, sanding or drill- 
ing, these specialized tools provide the modern, 
easy way to finish the task. 

Lightweight aluminum helps make power 
tools more portable, easier to handle. They give 
better service and last longer because aluminum 
is stronger. It’s the one metal that resists rust, 
corrosion, pitting and chipping, always stays new 
looking. Too, manufacturers prefer aluminum 
because it can be formed in many ways, is easy to 
machine, and saves costly production steps. 

Apex Smelting Company and its metallurgists 
work closely with the foundries and die casters 
who serve the power tool industry. Custom and 
standard aluminum alloys, scientifically pro- 
duced by Apex to rigid specifications, are pro- 
viding the performance and quality you want in 
these modern day work-savers. 








Warehouse distributor of ALCAN foundry alloy ingot 


APEX SMELTING COMPANY 


Producers of ALUMINUM, MAGNESIUM AND ZINC ALLOYS 


Research CHICAGO 12 CLEVELAND 5 LONG BEACH 10, CAL. 


leadership SPRINGFIELD, OREGON (National Metallurgical Corp.) 
back of 


every ingot 





Your products may also be produced better and more efficiently with the help 
of aluminum castings. Apex Smelting and the companies it serves in the die 
casting and foundry industry stand ready to assist you and your engineers. 
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March 3-4 . . American Society of Tool 
& Manufacturing Engineers, Metal Form- 
ing Methods for Tomorrow’s Manufac- 
turing, Seminar. Ambassador Hotel, Los 
Angeles. 


March 7-8 . . Steel Founders’ Society of 
America, Annual Meeting. Drake Hotel, 
Chicago. 


March 14-18 . . National Association of 
Corrosion Engineers, Annual Conference. 
Dallas, Texas. 


March 16-17 Foundry Educational 
Foundation, Annual College- Industry 
Conference. Statler-Hilton, Cleveland. 


March 21-22 . . American Society of Tool 
& Manufacturing Engineers, Production 
Institute. University of Wichita, Wichita, 
Kans. 


March 23-24 . . American Society of Tool 
& Manufacturing Engineers, Metal Form- 
ing Methods for Tomorrow’s Manufac- 
turing, Seminar. Bond Hotel, Hartford, 
Conn. 


March 29 . . Material Handling Institute, 
Spring Meeting. Pittsburgh-Hilton Hotel, 
Pittsburgh, Pa. 


April 4-6 . . American Institute of Min- 
ing, Metallurgical & Petroleum Engi- 
neers, National Open Hearth Steel Con- 
ference and Blast Furnace, Coke Oven 
and Raw Materials Conference. Palmer 
House, Chicago. 


April 13-14 . . Malleable Founders So- 
ciety, Market Development Conference. 
Edgewater Beach Hotel, Chicago. 


April 21-28 . . American Society of Tool 
& Manufacturing Engineers, Annual 
Meeting & Tool Show. Artillery Armory 
and Sheraton-Cadillac Hotel, Detroit. 


April 24-28 . . American Ceramic So- 
ciety, Annual Meeting. Bellevue-Strat- 
ford Hotel, Philadelphia. 


April 25-26 . . American Society of Me- 
chanical Engineers, Maintenance & Plant 
Engineering Conference. Chase-Park 
Plaza, St. Louis. 


April 25-29 . . American Weiding Soci- 
ety, Annual Convention. Biltmore Hotel, 
Los Angeles. 


April 26-29 . . National Industrial Sand 
Association, Annual Meeting. Key Bis- 
cayne, Fla. 


May 3-5. Iron and Steel Institute, 
Annual Meeting. London, England. 


May 9-13 . . AFS 64th Annual Castings 
Congress & Exposition. Convention Hall, 
Philadelphia. 


May 22-26 Air Pollution Control 
Association, Annual Meeting. Cincinnati. 


May 25-26 . . American Iron and Steel 
Institute, General Meeting. Waldorf- 
Astoria Hotel, New York. 


June 6-8 . . Malleable Founders Society, 
Annual Meeting. Elbow Beach Surf 
Club, Hamilton, Bermuda. 


June 6-8 . . Material Handling Institute, 
New England Show. Commonwealth 
Armory, Boston. 


June 16-17 AFS Chapter Officers 
Conference. AFS Headquarters, Des 
Plaines, Ill. and LaSalle Hotel, Chicago. 


June 26-July 1 . . American Society for 
Testing Materials, Annual Meeting & 
Exhibit. Chalfonte-Haddon Hall, Atlan- 
tic City, N. J. 


Sept. 19-24 International Foundry 
Congress. Zurich, Switzerland. 


Sept. 22-23 . . National Foundry Associa- 
tion, Annual Meeting. Edgewater Beach 
Hotel, Chicago. 


Oct. 12 . . Cast Bronze Bearing Insti- 
tute, Annual Meeting. Grove Park Inn, 
Asheville, N. C. 


Oct. 12-14 . . Gray Iron Founders’ So- 
ciety, Annual Meeting. Netherland-Hil- 
ton Hotel, Cincinnati. 


Oct. 13-15 Non-Ferrous Founders’ 
Society, Annual Meeting. Grove Park Inn, 
Asheville, N.C. 


Oct. 17-21 American Society for 
Metals, Annual Meeting and* Metal Ex- 
position & Congress. Trade & Conven- 
tion Center, Philadelphia. 


Oct. 17-21 . . National Safety Council. 
National Safety Congress. Chicago. 


Oct. 20-22 . . Foundry Equipment Manu- 
facturers Association, Annual Meeting. 
The Greenbrier, White Sulphur Springs, 
W. Va. 


Nov. 27-Dec. 2 . . American Society of 
Mechanical Engineers, Annual Meeting. 
Statler Hotel, New York. 


Nov. 14-16 . . Steel Founders’ Society 
of America, Technical & Operating Con- 
ference. Carter Hotel, Cleveland. 


AFS ee meetings for March appear on 
page 130. 





Mopvern Castincs is indexed by Engineering 
Index, Inc., 29 West 39th St., New York 18, 
N. Y. and microfilmed by University Microfilms, 
313 N. First St., Ann Arbor, Mich. 

The American Foundrymen’s Society is not re- 
sponsible for stat nts or opini advanced 
by authors of papers or articles printed in its 
publication. 

Published monthly by the American Foundry- 
men’s Society, Inc., Golf & Wolf Roads, Des 
Plaines, Il. Subscription 

price in the U.S., $5.00 

per year; elsewhere, $7.50. 

Single copies 50c. April, 

May and June issues $1.00. 

Entered as second-class mail 

at Pontiac, Ill. Additional 

entry at Des Plaines, Ill. 














Louthan 
breaker cores 
cut foundry costs 


You minimize casting problems, 
get cleaner castings when you 
use Louthan refractory breaker 
cores. They facilitate rapid re- 
moval of the riser, with subsequent 
labor savings. There is no core 
gas. Available for all riser diame- 
ters from 2” to 12”, and for use 
with any metal casting risering 
from a flat surface. 


Write for Free Gating 
and Risering Refrac- 
tory Folder. Complete 
file of specifications on 
all Louthan products, 


LOUTHAN 


MANUFACTURING COMPANY 


A DIVISION OF ED CORPORATION 


EAST LIVERPOOL, OHIO 





Circle No. 149, Page 9 
March 1960 «+ 








Foundrymen and steel men! Princess Wenatchee and Junior 
are campaigning to get your vote for Chief Keokuk, standard 
bearer of the Kemco Silvery party. Kemco Silvery deserves 
your consideration. It is the superior form of silicon intro- 
duction. It rates your vote because it tops all other candidates 
for economy and performance. When you think of Silicon 
... think of KEMCO! 


SILVERY PIG IRON 





a me 


SILIGOM METAL- OTHER FERROALLOYS 


Kemco Silvery melts evenly, holds silicon loss to a mini- 
mum, handles easily by magnet or count. Your choice of 
60 Ib. or 30 Ib. pigs or 12% Ib. piglets in regular or alloy 
analysis for iron and steel production. Read the free book- 
let, “For Lower Costs, Higher Quality Products.” Send for 
your copy now. Also check the performance of Kemco 
Silicon Metal in aluminum! 


Meokuk Ee iectro-Mletais Cc Oo. 


ue,\ Division of Vanadium Corporation of America 
\ aor \ Keokuk, lowa + Wenatchee, Washington 


Sales Agent: Miller and Company 

332 S. Michigan Avenue, Chicago 4, Illinois 

3504 Carew Tower, Cincinnati 2, Ohio 

8230 Forsyth Bivd., St. Louis 24, Missouri 
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More Aluminum 
in Automobiles 


More significant than the record- 
breaking increase in automotive use 
of aluminum posted again this year 
are the new patterns of use it repre- 
sents, according to a summary by J. 
Donald Shircliff, regional sales man- 
ager for Reynolds Metals Co. 

Some of the new applications are: 

—The Corvair camshaft running di- 
rectly on the machined cast aluminum 
crankcase, eliminating the need for 
bearings. 

—The Falcon air-cooled transmis- 
sion, integrating transmission _ bell 
housing and case, with the heat dis- 
sipating properties of aluminum in 
this design eliminating the need for a 
transmission oil cooler. 

—The Valiant’s revolutionary alter- 
nating current generator (alternator), 
composed of two castings mechan- 
ically fastened and eliminating both 
the steel tube generator case and two 
end plates. 

—Chrysler’s cast aluminum intake 
manifold, standard on all new six-cy- 
linder engines for the Dart, Plymouth 
and Valiant lines. 

—Pontiac’s integral wheel and drum 
combining the function of the superior 
breaking and heat dissipation of the 
aluminum drum as pioneered by 
Buick. 

Concluding his summary, Shircliff 
pointed to an average of 24 lb of 
aluminum per car in 1954 for an an- 
nual consumption of 132,000,000 lb, 
compared to an average of 60 lb per 
car for 1960 and an expected indus- 
try usage of 460,000,000 Ib of alu- 
minum in the current model year. 
“There is every reason to believe,” 
Shircliff said, “that the 600,000,000 Ib 
of aluminum that we expect the auto 
industry to use in 1961 will reach at 
least 1,300,000,000 Ib by 1965.” 





Go out there and see who's 
fooling around with that fork 
lift truck! 





PETRO BOND vstaclaieillicnaih 


ard result when your foundry 
sands are bonded with PETRO 
BOND. The smooth surface elim- 
inates extra buffing; tolerances 
are closer. 


You get finer results and fewer 
rejects when bonding with 
PETRO BOND, because sands 
are bonded with oil instead of 
water. This means you can use 
fine-grain sands, with less gas 
in the mold. Sands shake out fast, 
don’t stick to castings. 


ATTWOOD BRASS WORKS, Grand Rap- 
ids, Michigan, cast these marine bow 
plates from manganese bronze, using 
PETRO BOND sand molds. They report 
fewer rejects since using PETRO BOND. 


Write today for BOOKLET giving further information on the benefits gained by using PETRO BOND by BAROID. 


PETRO BOND is availabie from dealers listed herewith 


American Steel and Supply Company, Chicago, Illinois; Asbury Graphite Mills, Inc., Asbury 
New Jersey; Asher-Moore Company, Richmond, Virginia; Brandt Equipment and Supply 
Company, Houston, Texas; George W. Bryant Core Sands, Inc., McConnellsville, New York 
The Buckeye Products Company, Cincinnati, Ohio; Canadian Foundry Supplies & Equipment 


Ltd., Montreal 30, Quebec (Main Office); Canadian Foundry Supplies & Equipment Ltd., 

lal FE NM | A j Toronto 14, Ontario; Combined Supply & Equipment Company, Buffalo, New York; Foundries 
9 Materials Company, Coldwater, Michigan; Foundries Materials Company, Detroit, Michigan 

Foundry Service Company, Birmingham, Alabama; General Refractories Company, Indian 

opolis, Indiana; The Hoffman Foundry Supply Co., Cleveland, Ohio; Independent Foundry 

Supply Company, Los Angeles, California; Industrial & Foundry Supply Company, Oakland, 

. California; Interstate Supply and Equipment Co., Milwaukee, Wisconsin; Klien-Farris Com- 


pany, Inc., Boston, Massachusetts; La Grande Industrial Supply Co., Portland, Oregon; 


Marthens Company, Moline, Illinois; Carl F. Miller and Company, Inc., Seattle, Washington 
A SUBSIDIARY OF NATIONAL LEAD COMPANY John P. Moninger, Elmwood Park, Illinois; Pearson and Smith, Inc., Spokane, Washington; 
1809 SOUTH COAST LIFE BLDG. HOUSTON 2, TEXAS Pennsylvania Foundry Supply & Sand Co., Philadelphia, Pennsylvania; Robbins and Bohr, 


: ’ — . Chattanooga, Tennessee; Smith-Sharpe Company, Minneapolis, Minnesota; Steelman Soles 
é ; ; . ; 

Registered Trademark, Baroid Division National Lead Co. Compony, Munster, Indiana; Warner R. Thompson Company, Detroit, Michigan; Western 
6018 Materials Company, Chicago, Illinois; Walter A. Zeis, Webster Groves, Missouri. 


Circle No. 151, Page 9 


March 1960 * 7 





Build an idea file for improvement and profit. 





STATIC FREQUENCY CONVERTER 
. . . for induction melting and heating 
applications, takes three-phase power at 
60 cycles directly from the ordinary 
supply line and delivers single-phase 
power at 180 cycles. Output may be 
varied continuously and under load, be- 


tween zero and a maximum of 30-40 
per cent over nominal rating. Tempera- 
ture control can be accurately maintain- 
ed for either heating or melting applica- 
tions. Standard sizes range from 100 kw 
to 1000 kw and units can be paralleled 
for large power requirements. Ajax Mag- 


nethermic Corp. 
For More information, Circle No. 1, Page 9 


RAPID MULLER .... said to use up to 
30 per cent less binder with a 75-sec 
mixing time. Reportedly offers far great- 
er speed and efficiency in mixing of all 
core sands including COs, oil sand, re- 
sin sand and bentonite sand. The 800-lb 
muller occupies only 7 sq ft of space, 
special dolly provides job-portability. 
Specially designed mixing arm produces 
a cool sand mix. Available in six sizes 
in capacities from 15 to 1200 Ib. Carver 
Foundry Products. 
For More information, Circle No. 2, Page 9 


ELECTROCHEMICAL ETCHER ... 
provides permanent metal markings 
without displacement or metal or burrs. 
Stencils can be prepared on standard 
typewriter. Use of AC gives black mark; 
DC gives frosted white mark. Electro- 
mark Corp. 
For More information, Circle No. 3, Page 9 


RADIATION THERMOMETER 

measures temperature of remote objects 
without physical contact using infrared 
transmitting lens to focus radiation on 
sensitive infrared detector. May be used 
on moving and inaccessible surfaces. 
Viewed surface cannot be contaminat- 


modern castings 


products 
i and processes 


Circle numbers on literature request card (opposite page) 
for more information about these .. . 


ed, damaged or influenced. Permits re- 
liable measurements at low  tempera- 
tures—lowest standard range is 400 F, 
full scale. Measurements are automatic 
and continuous. Radiation Electronics 


Co. Div., Comptometer Corp. 
For More information, Circle No. 4, Page 9 


HYDRAULIC DUMPER ... with 3-ton 
capacity, operates on in-plant or outside 
angle tracks. Skip pivots from its load- 
ing position 135 deg to the dumping 
angle of 45 deg. Has two separate 
power units, one for dumping skip, the 
other for moving. Skip will not dump 
until vehicle is at full stop. Essex Con- 
veyors, Inc. 
For More information, Circle No. 5, Page 9 


PLASTIC RUBBER .. . new material 

for pattern and core box manufacture 

or repair has been developed. Resists 

abrasion and erosion. Suitable for other 

foundry applications. Dike-O-Seal Inc. 
For More Information, Circle No. 6, Page 9 


NON-FERROUS RISER SLEEVE ... 
by reducing transfer of heat from molten 
riser metal, assures that riser will be last 
metal to freeze facilitating uniform feed- 
ing. Will not contaminate sand and is 


, ‘ 


rv 
La] 


said ideal for blind risers. Low rate of 
heat transfer allows use of smaller risers. 
Available in five inside diameters. Johns- 


Manville. 
For More Information, Circle No. 7, Page 9 


SHRINKAGE AND DRAFT CALCU- 
LATOR .. . plastic slide-chart provides 
time-saving method of determining draft 
and shrinkage. Kelm Mfg. Co. 

For More information, Circle No. 8, Page 9 


80% ALUMINA AIR-SETTING PLAS- 
TIC REFRACTORY .. . needs no forms, 
withstands temperatures to 3100 F. May 
be used in aluminum reverbatory fur- 


naces, crucible furnace linings, around 
electrodes in electric furnace roofs, burn- 
er blocks and desulpherizing hearths and 
holding ladles. Porter Refractories Div., 


H. K. Porter Co. 
For More information, Circle No. 8, Page 9 


PATENTED MOLD PROCESS .. . uses 
anodized aluminum mold which produces 
a regulated chilling of molten metal by 
controlled heat transfer making it pos- 
sible to pour high melting point metal in- 
to lower melting aluminum molds. Photo 


shows two castings, one in titanium and 
one in aluminum, poured into same mold. 
“As cast” titanium piece is on right and 
finished machined and black anodized 
aluminum casting on left. Said also to 
produce highly dense, fine grained cast- 
ings, substantially higher than normal 
values of tensile strength and ductility. 
Niforge Corp. 
For More information, Circle No. 10, Page 9 


ROTARY TRUCK LEVELER ... is hy- 
draulically-operated device for raising or 
lowering entire rear section of trucks to 
bring bed on level with loading dock 
platform, eliminating need for ramps or 
dockboards. No space required as leveler 
is set into driveway surface. Has 40,000- 
Ib capacity. Rotary Lift Co. 
For More information, Circle No. 11, Page 9 


DO-IT-YOURSELF SOLAR FURNACE 
.. . for budget-minded. Build 60-in. di- 
ameter size which creates temperatures to 
6741 F in seconds. Furnace permits free- 
dom from contamination, wide range of 
ideal environmental conditions, observa- 
tion and measurement at close range, 
heating and cooling test objects rapidly 
for thermal shock cycling. Also available 
as assembled. Waltham Precision Instru- 


ment Co. 
For More information, Circle No. 12, Page 9 


OIL SAND BINDER . used with 
mineral oil and fine silice sand is said 
to improve surface finish and cut sur- 
face imperfections, particularly in non- 
ferrous metals. Sand is almost 100 per 
cent re-usable and mulled in 3 to 5 min. 
Minerals & Chemical Corp. of America. 
For More information, Circle No. 13, Page 9 


METAL ANALYSIS .. . accuracy im- 
proves with tool which takes pin sam- 
ples from solid material. Drill with hol- 
low bore leaves center core standing 
which is sheared giving sample with 
relatively low surface area to weight 
ratio and practically eliminating graphite 


loss. Laboratory Equipment Co. 
For More information, Circle No. 14, Page 9 


DRAFTING TABLE .. . cuts fatigue by 
allowing draftsman to remain seated at 





from 38 to 61 in. through hydesulie tft 
system and total capacities to eight tons. 


Magline, Inc. 
For More information, Circle No. 16, Page $ 


PRESSURE SENSITIVE LABELS... 
from wide variety of materials, are made 
to your specifications. Used for identifica- 


coating. Mounted on ane cards of 
aoe Page W. H. 
More information, atc abies 


PORTABLE SAND BLASTER .. . uses 
all types of abrasives with three sizes 
of job-suited nozzles. Requires no set- 
up time and may be used in small area 
with cardboard box or cloth shielding. 
Trigger-type gun allows one-hand blast- 
ing control. ALC Co. 
For More information, Circle Ne. 18, Page 9 


LIGHT WEIGHT DRAFTING SET .. . 
brief case , allows accurate engi- 
neering sketches while on the job, en- 
route or at home. Has built-in drafting 
machine, holemeter, protractor and ver- 

tical and horizontal scales. Also has 8 dog 
inclined drawing surface. Charles W. 


Thrift Co. 
For More information, Circle No. 19, Page 8 


ALUMINA RAMMING MIX... in 
plastic or dry premix, is said to have 
extremely high strength after drying. 
Applications include furnace hearths, 
roofs, sidewalls and burner ports; ladles, 
and spouts; and ene > non- 


For More information, Circle Ne. 28, Page 9 


SAND CASTING PROCESS .. . said to 
produce smoother finish and closer toler- 
ance. Castings may be made in gray and 
ductile iron. Advance Foundry Co. 

For More information, Circle Ne. 21, Page 9 


INFRA-RED SPACE HEATERS ,. . 
operating on bottled propane gas use 
polished parabolic reflectors to concen- 
trate on specific areas without heating 
surrounding air. Available in three sizes 
from rated output of 16,000 to 36,000 
Btu with hourly cost said to be 5-15 
cents. May be used for spot heating, 
thawing, curing, drying or baking. Per- 
fections Industries, Div. Hupp Corp. 
For More information, Circle Ne. 22, Page 9 


BATCH TYPE IMPREGNATOR .. . 


available on rental basis for use with alu- 
minum automotive transmission housings 
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modern castings is the BIGGEST 
magazine in the metalcastings industry 


There are more pages of top technical 
odtieal totaal te thea Caniauen 
. - » 1400 pages in the last year... 
and you can receive a personal copy of 
this vaihable publication each mon foe 
only $5.00 a year in the US., $7.50 
elsewhere. 


To subscribe, lete the information 
‘an esl tea cadtis WE tai taal te 
box [x] at the bottom of the card. You 
will be billed later. 


modern castings is 
the BEST source of manufacturers’ data 


When you see a “Circle No.” under an 
item or an ad, it means that there is more 
information available to you by using the 
cards below. Mobern CastTINcs fills more 
of these inquiries than any other publi- 


cation in the meg isn industry. 
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modern castings is the BIGGEST 


handles up to 70 large castings per hr. 
Designed specifically for use with metal 


« « + receives 
a steady stream of dry shakeout sand, 
bonding materials and water. May be 


To subscribe, the information er ets cae soit ak ae 
on one of the cards and mark the 
box [%] at the bottom of the card. You 
will be billed later. 


modern castings is oak . 
the BEST source of manufacturers’ data ite. 26, Pas 8 


When you see a “Circle No.” under an te cadres pti lily an 
item or an ad, it means that there is more malding sands ‘for all metals. Useful 
. 7 Tre core xes @ patterns lave 
information available to you by using the is Mik chiiy cobaauil inciting ‘sand 
cards below. Mopern Castincs fills more contain ingredients making sand sticky, 
bli and in drawing COQ cores from boxes. 

of these inquiries than any other publi- Maiied: to shdlhdg ‘Gea? wach sheke- 
: bag. Said to weigh 60 per cent less 
cation in the metalcasting industry. ee ee oo et he 
extremely fine, it adheres to vertical 
surfaces of wood, metal, plastic and oth- 


er materials. Frederic B. Stevens, Inc. 
For More information, Circle No. 25, Page 9 
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Please send me without obligation literature indicated by circled numbers. 
DIE CAST MOLD RELEASE OIL... 
reportedly prevents adhesion of casting 
metal to mold, gives bright, stain-free 
surfaces and reduces porosity. Oil, ap- 
plied by spray, develops comparatively 
less fog and minimizes wear on guide 
pins and bushings. Sun Oil Co. 
Fer More information, Circle No. 26, Page $ 

















CARBON POTENTIAL LIQUID... 
enables heat treat engineers to take pre- 
ventive measures in warding off decar- 
burization and scale formation on carbon 
steels. Designed primarily for use with 
luminous wall gas-fired furnaces, the 
liquid is automatically injected under 
pressure during the high heat phases. 
The fluid supplies a supporting atmos- 
phere which burns up excess oxygen 
and brings the products of combustion 
to a balanced state. A. F. Holden Co. 
For More information, Circie Ne. 27, Page 9 
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VERTICAL ELEVATOR CONVEYOR 
» + » using cup-shaped steel buckets 
strung on preformed wire cable moves 
bulk materials up to 7 cu ft per min 
with lifts up to 40 ft. Design features 
minimum of moving parts and requires 
minimum amount of supports. Conveyor 
Div., Hapman Corp. 
For More information, Circle No. 28, Page § 
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made of high carbon rail steel feature 
positive-locking feature for fast assembly 
and quick adjustability. Three basic com- 
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“We've cut magnesium alloy usage in half” 


Attention ductile iron producers who use the “‘plunging’’ 

treatment to get higher recoveries and better magnesium control: 

UNION CARBIDE METALS offers two alloys for this treatment— 

“EM” magnesium-ferrosilicon (10 per cent magnesium) and For recommended 

“EM” alloy 55 (30 per cent magnesium). Both are low-cost methods of 

sources of magnesium and are specially sized for plunging into a a 

acid- or basic-melted iron. magnesium alloys, 

These alloys promote higher as-cast ductility and counteract write for this 

elements which hinder formation of the spheroidal graphite six-page bulletin. 

structure. In addition, plunging these alloys gives you 

magnesium recoveries up to 50 per cent, better structure control, 

less pyrotechnics, and lower costs. For further information, 

contact UNION CARBIDE METALS, pioneer producer of el ite), | 

magnesium-silicon alloys for ductile iron. few Neill METALS 

UNION CARBIDE METALS COMPANY, Division of Union Carbide 

Corporation, 30 East 42nd Street, New York 17, N. Y. 

In Canada: Union Carbide Canada Limited, Toronto. Electromet Brand Ferroalloys 
: and other Metallurgical Products 


The terms “EM,” “‘Electromet,” and ‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 
Circle No. 152, Page 9 





Pulsating Magnet 


BIN VIBRATORS 


—prevent arching and plugging of sand, coke, ore 
and other material in bins, hoppers and chutes—keep 
these materials flowing freely to process equipment. 

Simplicity of design assures dependability of opera- 
tion and low maintenance. They are electromagnetic 
units that produce 3600 powerful, instantly controllable 
vibrations per minute. Enough vibration to move the 
most stubborn material. 

SYNTRON Bin Vibrators provide the most efficient 
and effective method of keeping bulk materials free 
flowing. Eliminate equipment damage by hazardous 
pounding and rodding. 


SYNTRON Bin Vibrators are available in a wide 
range of sizes. They are easy to install, easy to operate 
and easy to maintain. 


Eliminate production slow downs caused by sticking 
and clogged bins. 


. write for complete informative literature today 


SYNTRON COMPANY 


545 Lexington Ave. Homer City, Penna. 


Other SYNTRON Equipment of proven dependable Quality 


| 


LAPPING MACHINES TEST SIEVE SHAKERS VIBRATING SCREENS 


Circle No. 153, Page 9 
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products and processes 
Continued from page 10 


ponents provide multi-use application 
with erection and adjustability on 4-in. 
centers. From these basics, an unlimit- 
ed number of storage rack combinations 
may be erected. Met-Fab, Inc. 

For More information, Circle No. 29, Page 9 


VISUAL CONTROL BOARD .. . fea- 
tures simplicity, flexibility and ease of 
operation. Fifty flexible plastic strips are 
held in the board at the edges, slide 
up and down and snap in and out for 
easy rearrangements. Entries may be 
made directly on the plastic strips. Gar- 
rison Machine Works, Inc. 
For More information, Circle No. 30, Page 9 


HEAT TREAT OVEN FURNACE ... 
with inside work measurement 36x36x72, 
attains quick heat-ups up to 2000 F 
with an hourly input of 1-1/2 Btu’s, 50 
per cent than others in the company 


line. Six atmospheric venturi burners op- 
erate without blowers, power or other 
auxiliaries. External pilots make for in- 
stant, easy and safer full view lighting. 
Charles A. Hones, Inc. 

For More information, Circle No. 31, Page 8 


RESIN FLOW EPOXY SPRAY GUN 
. . . designed to spray premixed epoxy 
formulations has nozzle which permits 
use of expendable cardboard resin con- 
tainer cups holding 1/2-2 lb. Nozzle 
available in several openings which can 
also be used to spray liquid parting 


compounds. Gun which weighs 1-1/2 lb 
operates at 50-60 psi. Gun may be 
used for plastic tooling, plastic pattern- 
making and production piece-part lami- 
nating. One gun operator said to be 


Continued on page 16 





Great New Idea for 


Brigquet Users! 


Shape Combined with Color Provides Positive Alloy Identification ! 


Ohio Ferro-Alloys has long followed the practice of color coding its briqueted alloys to provide swift, 
sure identification. Now... these briqueted Ohio Ferro alloys are also coded by shape to give you positive identification. 
Workers understand color and shape ... you save time both in giving instructions and in avoiding errors caused by confusion. 
Only Ohio Ferro-Alloys brings you briqueted alloys with the twin advantages of color coding and coding by shape, And 
Ohio Ferro-Alloys briquets are notched without extra cost. 








YELLOW 


New Literature! * 
; a, ; 
a 


To help show you the most efficient and eco- 


nomical way to use briqueted alloys, Ohio 
Ferro-Alloys now has available new literature. 


On request,-your copy will be sent promptly. Ohio Sono Qo y Couporation 
Canton, Ohio 


Birmingham Boston Chicago Denver Detroit Houston Kansas City Los Angel Mi polis 
Philadelphia Pittsburgh Salt Lake City St. Louis San Francisco Seattle Vancouver, B.C. 
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why not 





MECHANII=MIZE 


your sand handling and conditioning operations? 








& MEANING: Now it’s easy and more economical for small and medium 
size foundries to get their sand up off the floor . . . without a major invest- 
ment in equipment and without extensive revision to plant layout. 

National’s Mechani-Mize program lets you mechanize progressively—a unit 
at a time—at a pace that will fit your budget. 

A few, of many, National sand conditioning, handling, screening and con- 
veying units are shown here. All are designed and built to meet National’s 
traditionally high quality standards. All are foundry proven units . . . ruggedly 
built to work efficiently in the foundry . . . to save foundrymen time and labor. 


WRITE NATIONAL FOR DATA SHEETS on these Mechani-Mize units: 


Air Conveying Coolevayor Dust Collection 
(High & Low Pressure)  Elevayor Shell-Mull 

Aerators Screen Master Utility Unit 

Bucket Loaders Porto-Muller Molder’s Helper 


NATIONAL ENGINEERING COMPANY 
630 Machinery Hall Bidg., Chicago 5, Illinois 
In Canada: 17 Queen St., East, Toronto 1 


SOOCOOOOOEEOEOHEEOOEEEOHEEESOEESEEEEE OEE OOO OE OOOO O OOOO SHEEEOOEEEEEOOS OE EEEESESEOEEESEOSOSEOHESES ESE OEE EESOEEOEED 





MOLDING 
Mechani-Mize with MOLDER’S HELPER® 
Cuts molder’s time by 50%. Eliminates sand transfer 
from mixer to molder’s hopper. Elevates and aerates 
full charge to molding station within seconds. Many 
arrangements possible. 


MULLING 
Mechani-Mize with PORTO-MULLER® 
Mix any sand anywhere in the shop. 100% 
portable. No hoists required. You just plug 
it in and start mulling. Also available with 
stationary base. 


SOSSSSSSSHSSSHSHFSSSESSESESESSHESSHESEESESESESHESESEEEEOEEOEOES 
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DISCHARGE TO: 
BELT 

BIN 

HOPPER 

FEEDER 

SCREEN 






































SHELL MOLDING 
Mechani-Mize with SHELL-MULL® 
‘*‘Packaged” unit provides full control over coating operations at 
low initial cost. Available for use with any size Mix-Muller 
... or continuous Multi-Mull mixer. 
DISTRIBUTING 
Mechani-Mize with ELEVAYOR® 


Fast elevator-aerator-conveyor carries off full 
batch from mixer within 20-30 seconds. 
Or, use with front end loader; as elevator 
to distributing belt or storage bins. Can 
be designed to fit job at hand. 











Sicncuaiee DELIVERY PIPE STORAGE BIN OR SUO 
HOPPER CAR OR BOK CAR 





C > 


l 


B= 


DELIVERY HOP! 





> MINIMUM FLOOR ¢ 
+ REQUIREMENTS =; 





























3) tw PIPING TO TURBO BLOWER 
| 
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CONVEYING 
Mechani-Mize with LP AIR-CONVEYOR 


Low cost, low pressure pneumatic transporter slashes maintenance 
costs—fully automates dry sand delivery. Drawing shows arrange- 
ment which reduced sand delivery costs $12,000 in one year. 


Many uses in the foundry. 
’ 2 
D 


CHARGING HOPPER 


TRANSPORT CELL 





























' “SAND STORM . 
* ASSURES MAKI. - > DISCHARGE + 
* MUM AIR. SAND y > 10 SuIT Ps 
> CONTACT : 








+ LOADS FROM : 
4 PAINIMAU MA 
* HEIGHTS 





: @ USE IT AS AN : 
ELEVATOR 

> @USE IT AS A 
CONVEYOR 

> @ EASILY INCOR. | 
PORATED INTO ¢ 
ANY SYSTEM 


— 





SIMPSON MIX-MULLER 
(Any Size) 


COOLING 
Mechani-Mize with COOLEVAYOR 
A practical, low cost answer to hot sand 
problems. Fast, efficient, compact; cools, 
aerates and elevates at same time. Design 
permits maximum air-sand contact time. 




















NATIONAL BUCKET LOADER 
for “Elevayor’’) 











= 


SAND CONDITIONING 
Mechani-Mize progressively with NATIONAL UTILITY UNIT 

Here’s an entire sand conditioning unit which can be assembled 
a unit at a time! If you have a Mix-Muller, you have a start! 
Includes receiving hopper, screening, magnetic separator, Bucket 
Loader, dust hood, mixer (any size) and aerator. Many arrange- 
ments possible. 

Circle No. 155, Page 9 
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QUALITY 
CONTROLLED 


PQ 
SODIUM SILICATES 


Uniformity of the PQ silicate of 
your choice shipment after shipment 
insures consistently good perform- 
ance in your process. PQ has the 
sodium silicate to fit your operations. 
A few of these silicates are de- 
scribed below: 





VISCOSITY 


RATIO 
BAUME | " POISES 


%Na20: ° 
%Si0, | °F | at eer. 


TRADE 
NAME 





$ 35 1:3.75 35° 2.2 





N 1:3.22 4i° 18 





RU 1:2.40 52° 21 





D 1:2.00 50.5° 3.5 





C 1:2.00 59.3° 700 














Ask for bulletin “PQ Soluble Silicates.” 


PHILADELPHIA QUARTZ COMPANY 
1125 Public Ledger Bidg., Philadelphia 6, Pa. 


TRADEMARKS REG. U.S. PAT. OFF. 


/ 
vy) PQ SOLUBLE SILICATES 


Associates: Philadelphia Quartz Co.of California 
Berkeley & Los Angeles, California; Tacoma, 
Wash. National Silicates Limited, Toronto & 
Valleyfield, Canada. 


PQ PLANTS: ANDERSON, IND.; BALTIMORE, MD.; BUFFALO, 

N.Y.; CHESTER, PA.; JEFFERSONVILLE, IND.; KANSAS CITY, 

KANSAS; RAHWAY, N.J.; ST. LOUIS, MO.; UTICA, ILL. 
‘ 
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able to supply four glass cloth applica- 
tors. U. S. Gypsum Co. 
For More information, Circle No. 32, Page 9 


HIGH TEMPERATURE LABORATORY 
OVEN ... with 4 cu ft work space, tem- 
perature range of 125-1000 F. Maximum 
temperature deviation at minus 0.5 de- 
grees at 150 F and 4 degrees at 500 
and 1000 F. Heats from room tempera- 
ture to 725 F in 1 hr and 1000 F in 3-1/2 
hr with 2500 watts maximum electrical 
input. American Instrument Co. 
For More information, Circle No. 33, Page 9 


TOP-LOADING HEAT TREAT OVEN 

. designed for 5000-Ib load and con- 
tinuous working temperatures to 950 F 
for pre-heating, stress relieving, aging, 
air drawing and solution heat treating. 
Features exceptionally high air recirculat- 


ing rate, automatic temperature controls 
and electronic combustion safeguards. 
Available in gas-fired or electrically- 
heated models. McCann Furnace Div., 


Foundry Equipment Co. 
For More information, Circle No. 34, Page 9 


PNEUMATIC BUNKER CUSHION ... 
eliminates flow stoppages in bins and 
hoppers handling materials which tend 
to funnel, bridge, cake and hang-up. Con- 
sists of rubber diaphragm bolted to rein- 
forced steel base and measuring about 


32x40 in. when installed and reaches an 
operating height of 15-3/4 in. When 
inflated at 45 psig it exerts a force of 
approximately 56,000 lb without generat- 
ing damaging fatigue stresses. Tressler 
Engineering Products. 

For More Information, Circle No. 35, Page 9 


MOTORIZED HARDNESS’ TESTER 

eliminates much of operator fatigue 
giving greater reproducibility of test re- 
sults. Available as a combination tester 
which provides both regular and super- 
ficial testing in a single machine. Also 
available as a single purpose tester for 


éither regular or superficial testing. Tor- 
sion Balance Co. 
For More information, Circle No. 36, Page 9 


PUSH-PULL TESTING MACHINE ... 
for tension-compression cycling, performs 
both routine universal testing and can 
also alternately apply tension and com- 
pression loads to the same specimen. Ac- 
curate dial indication of applied load is 
provided in either test direction on 28-in. 
dia dial. Tinius Olsen Testing Machine 
Co. 
For More Information, Circle No. 37, Page 9 


INORGANIC INCOMBUSTIBLE INSU- 
LATING SHEET .. . may be used for 
ovens and high temperature test cham- 
bers. Structural properties are practically 
unaffected by moisture, immersion in 
water, steam, fumes or temperatures up 
to 1200 F. May be worked like wood 
without damage to working tools. Avail- 
able in 4 x 8-ft sizes in thickness to 
3 in. Expansion from a dry to complete- 
ly saturated state is only 0.0005 in./in. 
Union Asbestos & Rubber Co. 
For More Information, Circle No. 38, Page 9 


DOME-LOADED GAS REGULATOR 

. handles inlet gas temperatures to 
$50 F, and is adjustable from 200 to 
2500 psig while maintaining accuracy of 
+5 per cent of dome load. Uses a gas 
rather than spring-loaded diaphragm giv- 


ing less spring rate effect thereby re- 
ducing pressure variation. Corrosion 
resistant steel used for regulator body, 
seat and poppet are errosion resistant. 
Western Sky Industries. 

For More information, Circle No. 39, Page 9 


THERMOCOUPLE DATA GRAPHIC 
CALCULATOR .. . gives millivolt val- 
ues for iron/constantan, copper/con- 
stantan, chromel/alumel, platinum 13% 
rhodium/platinum and platinum 10% 
rhodium/platinum thermocouples for all 
temperatures within their range. Will 


indicate directly for readings based on a 
zero degree reference temperature or 
corrected to any ambient temperature, 
specially valuable when used with po- 
tentiometer recorder calibration. West 


Instrument Corp. 
For More Information, Circle No. 40, Page 9 
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COKEPOWER 


with 


Save coke . . . melt hotter iron . . . Hot Blast will do this for you! Whiting Hot Blast gets 
more heat out of coke. . . ignites it faster. Tuyeres keep clean and unobstructed, provide 
better control of melt. Oxidizing zone is reduced and oxidation losses are cut. And less 
coke means less sulphur in the melt! 

Hot Blast more than pays for itself in coke savings a/one! Better quality, hotter iron are 
bonus benefits. Investigate Hot Blast now. Call in a Whiting Foundry Engineer! 


FREE BOOKLET .. . Gives sharp insight into Hot Blast advantages; describes operation 
of two major types. Write for Bulletin FO-3. Whiting Corporation, 15628 Lathrop Avenue, 


Harvey, Hlinois 
© 
z 
Nee 


COST-SAVING EQUIPMENT...THE WAY TO HIGHER PROFITS 


FOUNDRY 
EQUIPMENT 


MANUFACTURERS OF CRANES; TRAMBEAM HANDLING SYSTEMS; TRACKMOBILES; FOUNDRY, RAILROAD. AND SWENSON CHEMICAL EQUIPMENT 


Circle No. 157, Page 9 
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THE MARK ofa 
GOOD FLUX 
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Famous 


CORNELL 


CUPOLA FLUX in 
Gray Iron and 
Malleable Iron 
Foundries 


Melting aluminum, brass or copper? Try Famous 
Cornell Aluminum, Brass or Copper Flux. Bulletin 
46-A will give you the details. 


ted 
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Hee CLEVELAND FLUX Goenpany 


1026-40 MAIN AVENUE, N.W. « CLEVELAND 13, OHIO 
Manufacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 
GEORGE F, PETTINOS, LTD., Hamiiton, Ontario, Canada 
Exclusive Representatives in Canada 
Circle No. 158, Page 9 
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by R. E. ARMsTRONG 
Linde Div. 

Union Carbide Corp 
Newark, N. J. 


Oxygen 
Safety 
in Foundries 


The use of oxygen has undergone 
and will continue to undergo a phe- 
nomenal increase for steelmaking. 
This growth has, however, been ac- 
companied by new problems involv- 
ing safety. We can, in the future, 
expect these problems to be magni- 
fied unless certain precautions be- 
come accepted practice in foundries. 
These include: 

® Observe all general precautions 
usually associated with the use of 
oxygen. For example, before putting 
lines into service, test for leaks at a 
pressure of 1-1/2 times the maximum 
operation pressure using either water- 
pumped (oil-free) compressed air or 
nitrogen. 

® Use flexible metal hose from the 
oxygen feed pipe to the burner; 
clean this hose thoroughly for oxygen 
service. Store spare hose in an oil- 
free area with both ends capped and 
tagged “Oxygen Service.” 

® Use pipe joint compounds suit- 
able for oxygen service—particularly 
compounds that are non-combustible 
in pure oxygen under the service 
conditions to which the joints will 
be subjected. 

® Schedule and perform daily in- 
spection of oxygen hose. Inspect for 
breaks, mashed sections, leaks, grease 
and oil saturation. 

® Replace damaged hose before 
using oxygen. While the mechanic is 
working on any oxygen hose or pipe 
line replacement, the main shutoff 
valve should be tagged and locked 
shut. 

© During fabrication of the burner, 
it is most important that burrs and 
fins be removed from the oxygen 
pipe before assembly. Each burr left 
in the pipe is a potential source of 
ignition. 

© Prevent dirt or scale from pass- 
ing into the oxygen supply pipe and 
hose, since such material may become 
a source of ignition. Use an approved 
oxygen line filter for this purpose. 
Sintered bronze filters are preferred, 
providing an adequate filter size is 
used and periodic maintenance is 
scheduled and followed. 

® Station a man throughout oxygen 
injection at the quick acting shutoff 
valve so the oxygen can be turned 
off quickly in the event of an emer- 
gency. 

@ Remember: There can be no com- 
promise with safety. 


This article contains highlights abstracted from 
a paper presented at the 1959 National Safety 
Congress. 
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Slinger quality combined with real productive capacity . . 
that's the Hydra-Slinger story at Producto Machine Company 
of Bridgeport, Conn. 


NOW—50% GREATER PRODUCTION 

The Hydra-Slinger — Speed OI gohMmlarifel teh ilelapime) o-1geh t-te Mob] 
two men, increased production 50%. Hard, uniform ramming 
elare Melee] geli-Melgehom o1cehdlel-romelollia Meck itii-l msm sere ltaie 
tradition. Three pairs of Speed Draws, easily moved in and 
out of ramming area, handle Producto's wide range of work. 


TOMORROW — Capacity to meet the demands of a grow- 
ing industry. Team the Hydra-Slinger with other B&P equip- 
ment such as the Roto-Mold Turntable and or Rol-A-Draw 
for a highly productive unit tailored to your requirements. 
You never outgrow a Hydra-Slinger. . whatever production 
demands the future may bring, B&P Hydra-Slingers assure 
(oto] sYolai a mm colMm roluilelagehe mel Milo Melo(o/lilelalel mae) melele(e) As 














Sure I'm interested* in your research and its results! 
Send me the whole story on: 
(_] HYDRA-SLINGERS [-] MULL-ALL 


[_] SPEED DRAWS [_] MULBARO 
[_] SPEEDMULLOR-PREPARATOR UNITS 


a ee a ee eT ae eee 
POSITION___ 

ee Ce ee ee 
CC a Se 
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*NO OBLIGATION OF ANY KIND 
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B&P HYDRA-SLINGER- 
the one unit 
that is both 
productive 

and flexible! 


B&P research answered the foundryman’s need for produc- 
tivity without loss of flexibility. The economical Hydra-Slinger 
is an easy-to-operate unit that is equally efficient regardless 
of production fluctuations. 


LOW-COST INSTALLATION 


No extensive or complex sand systems needed. No expensive 
modification of flasks or pattern equipment required. 


B 


SANDSLINGER QUALITY 


Of course, Hydra-Slinger provides the famous Sandslinger 
quality—hard, uniform ramming regardless of flask size or 
depth—true-to-pattern molds—improved casting finish. The 
flexible Hydra-Slinger can be used with Rol-A-Draw and 
Roto-Mold turntable or loop conveyor to meet varied pro- 
duction requirements. Automatic Hydra-Slingers are avail- 
able for repetitive work. 
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PMENT FOR EVERY NEED 


d Control 
Jobbing Foundries! 


ng foundries need no longer be hampered by 

adequacies of floor sand-cutting methods. 

isley & Piper Speedmullor-Preparator Units 

de complete sand conditioning and mulling for 

ries where such sand preparation was 

rly not feasible. Here are all the advantages 
plete conditioning and mulling —throughout 

uundry —at a very moderate cost. These 

rn space-saving units provide a fully controlled 

practice at a cost well within the budget 

» average small jobbing foundry. 


-Cost, 
pact Mulling Unit! 


{ull-All has been especially developed to 

» pressing need for a low cost, highly 

ctive, but flexible unit. Here is a complete 
-to-operate-package with all auxiliary 

ment and controls to assure batch-after-batch 
mity. The Mull-All is equally effective in the 


ration of any type of facing, molding or core sand. 


apacity of this compact, highly productive 
; approximately 6,000 pounds per hour. 

ge mulling cycles are three minutes. 
{ull-All is also available for low cost 


ration of shell sand. 


lbaro—the Really 
table Mullor! 


portability with fast, thorough preparation— 
the Mulbaro. Mulled sand is moved to the 
r or coremaker in the same barrow used for 

g. The efficient Mulbaro can be used with 

r more barrows—after one batch is mulled 
oved away, a second barrow can be placed in 
g position for a new batch. The high-agitation 
design and hemispherically shaped barrow 
insure complete mulling of any type of core, 
ng, or shell sand in short time cycles. 
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An engineering case history from Lester B. Knight & Associates, Inc. 


MAJOR PRODUCTION 


INCREASE THROUGH 


MAXIMUM USE OF SPACE 


AND EQUIPMENT 


Knight Engineers, working with the client,* modernized 
existing facilities to obtain maximum use of facilities and 
equipment with minimum manning. Capital expenditure 
was kept at a minimum. The changeover was done during 
the annual, two-week vacation shut-down...normal 
production was not interrupted. Production increased 50% 
with fewer people in the crew. The cost of the changes 
was equivalent to the labor cost reduction in one year. 


Another example of how Lester 8. Knight engineering know-how 
in all phases of foundry operation can help attain desired 
production goals by finding ways to get the most out of present 
equipment. A /etter will bring a call from a Knight 
representative, at your convenience. 


*Name on request 


KNIGHT SERVICES INCLUDE: 
Foundry Engineering e Architectural Engineering « Construction Management « Moderniza- 
tion ¢ Mechanization « Automation « Survey of Facilities « Materials Handling « Methods. 
Industrial Engineering « Wage Incentives * CostControl « StandardCosts « Flexible Budgeting 
Production Control « Organization « Marketing 


lester B. Knight & Associates, Inc. 


Management, Industrial and Plant Engineers 
Member of the Association of Consulting Management Engineers, Inc. 
549 W. Randolph St., Chicago 6, II. 
New York Office—Lester B. Knight & Associates, Inc., Management Consultants, 500 Fifth Ave., New York 36 
Knight Engineering Establishment (Vaduz), Zurich Branch, Dreikénigstrasse 21, Zurich, Switzerland 
Lester B. Knight & Associates, G.M.B.H., Berliner Allee 47, Diisseldorf, Germany 
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D. B. Lupton 


F. J. Millhouse 
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Dale B. Lupton . . . is now a ceramic 
engineer with Chas. Taylor Sons Co. Pre- 
viously he was employed by Chemical & 
Industrial Co., Cincinnati and Corhart 
Refractories Co., Louisville, Ky. 


Franklyn J. Millhouse . . . has been pro- 
moted to Pacific Coast sales manager for 
the Great Lakes Carbon Corp. electrode 
division and will be located in the San 
Francisco area. Millhouse was sales rep- 
resentative for the division’s Detroit of- 
fice prior to the new assignment. 


John F. Oettinger Electric Steel 
Foundry Co. was recently named works 
manager at Pacific Alloy Corp., Electric 
Steel Foundry subsidiary at El Cajon, 
Calif. which was purchased in June, 
1959. As a special projects engineer, he 
headed research in introducing shell 
molding as an ESCO casting process. 


Elmer E. Braun . . . formerly manager of 
ferrous metals operations is now works 
manager of Central Foundry Div., GMC, 
Saginaw, Mich. He is responsible for 
both ferrous and non-ferrous operations 
in all five plants of Central Foundry Div. 


J. G. Dick . . . formerly district manager 
of Montreal Bronze, Ltd., Div. Canadian 
Bronze Co., Ltd., Montreal, Canada, has 
been appointed manufacturing manager 
of all divisions of Canadian Bronze Co. 
C. W. Schram, formerly assistant dis- 
trict manager of Montreal Bronze, has 
been appointed manager. 


William J. Grede . . . chairman of the 
board of Grede Foundries, Inc., Milwau- 
kee, has been named as president of 
J. I. Case Co., Racine, Wis., succeeding 
Marc B. Rojtman who is now special ad- 
viser. Grede, who is also a Case director, 
was influential in bringing about the 
merger of Case with American Tractor 
Corp. in 1956 at which time a rapid 
growth was started in the industrial 
equipment field. 


O. Jay Myers . . . has assumed the duties 
of acting general manager of the newly 
formed Varcum Chemical Div., Reich- 
hold Chemicals, Inc., White Plains, 
N. Y., in addition to his current responsi- 
bilities as head of the Foundry Products 
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J. F. Oettinger 


Div. Dr. Roland McDonald has been 
named Varcum Chemical Div. vice- 
president and will direct Varcum’s activi- 
ties at Niagara Falls under Myer’s 
administration. 


Joseph O. Danko, Jr. . . . is now presi 
dent, Arlington Bronze & Aluminum 
Corp., Baltimore, Md., having purchased 
the interest of L. Earl Gaffney, now re- 
tired. Wabash Mfg. Co., Inc., and Green- 
wood Engineering Co., were sold in Oct., 
1959 to the Samuel M. Langston Co., 
Camden, N.J. 


J. O. Danko, Jr. R. L. Newtson 


Robert L. Newtson . . . has been named 
plant manager, General Foundry Div., 
Fabricast plant, Bedford, Ind. He had 
been production manager of the Bedford 
plant since June, 1959. 


Peter W. Miller . . . has been appointed 
sales manager of the Link-Belt Co. Cald- 
well plant in Chicago, succeeding Hu- 
bert J. McCormick who will specialize 
in the sales of package handling systems. 
Miller joined the engineering department 
of the Caldwell plant in 1941. 


P. W. Miller J. H. Dunn 


J. Howard Dunn . . . manager of the 
Cleveland sales development division, 
Aluminum Co. of America, since 1953, is 


J. G. Dick W. J. Grede 


now manager of process development 
laboratories at New Kensington, Pa. 
Dunn joined Alcoa in 1934. 


Elton E. Staples . . . vice-president, Hevi- 
Duty Electric Co., Milwaukee, Div. Basic 
Products Corp., has been placed in charge 
of all phases of operation on industrial 
and laboratory heating equipment manu- 
factured by Hevi-Duty. Arthur Frank, 
formerly vice-president, furnace engi- 
neering has been named vice-president, 
sales. Elmer Brandt, formerly manager of 
the Watertown plant has been named 
vice-president, manufacturing. John Stein- 
man, formerly assistant production man- 
ager is now Watertown plant manager. 
Albert Bassett is now chief engineer, in- 
dustrial furnace division. 


Louis J. Jacobs . . . formerly research di- 
rector, has been appointed vice-president, 
manufacturing and research, S. Ober- 
mayer Co., Chicago, for both the Ober- 
mayer Division (foundry materials) and 
Ramtite Division (refractories). 


Harold V. P. Francis . . . and Michael D. 
Mullin have been appointed as eastern 
regional vice-presidents with headquar- 
ters in New York for the Corn Products 
Sales Div., Corn Products Co. Other re- 
gional vice-presidents are: central region, 
Chicago headquarters, Tim C. Clawson; 
southern region, Memphis headquarters, 
Fred C. Hassman; western, San Francisco 
headquarters, James E. Walz. Corn Prod- 
ucts Sales Div. is responsible for sales 
and merchandising of all industrial prod- 
ucts including those previously handled 
by the Best Foods Div. 


William C. Wright . . . Milwaukee, and 
associates have purchased Fall River 
Foundry Co., Fall River, Wis. Wright 
who has been president since 1954 re- 
mains as president. Other officers: Harold 
E. Younger, vice-president and general 
manager; S. C. Lawson, vice-president, 
sales; Harold Houy, foundry superintend- 
ent; Joseph Farrell, production manager. 


Charles E. Frost . . . is now manager of 
sales, mill products with the Southwest- 
ern sales district of Electric Steel 
Foundry Co. in Los Angeles. Prior to 
accepting this position, Frost had 12 
years experience in stainless steel dis- 
tribution. 


Ray H. Crist . . . is now director of re- 
search, Union Carbide Research Insti- 
tute and Eric R. Jette is staff consultant 
to research administration for Union Car- 


Continued on page 134 








How RCI FOUNDREZ CORE BINDER Helped AMERICAN BRAKE SHOE 
Meet MIL-C-21180A 


To produce the strong, dimensionally precise, lightweight casting shown above, the Light Metals Department of 
American Brake Shoe Company in Mahwah, New Jersey called upon two of the latest advances in metalworking 
technology ... Ductaluminum, a relatively new and stronger aluminum alloy and RCI’s Founprez liquid amino- 
aldehyde core binder. Used together, they now make it possible for foundries to meet military specifications in 
castings of this complex nature. §§ Thirty-six individual cores (see illustration) are required to produce this jet 
canopy casting. And why does American Brake Shoe choose RCI Founprez for this application? Four factors are 
involved: 1. RCI’s liquid amino-aldehyde core binder provides better binder distribution in the core sand which 
contributes to exact casting dimensions and keeps surface defects at a minimum. 2. The advantage of dielectric 
baking, and the high core strength obtained, increases core production and speeds core handling. 3. Excellent 
core knockout and collapse qualities, at the lower pouring temperatures of aluminum, speed production and reduce 
the cost of finishing. 4. RCI’s reputation for on-time delivery and prompt technical service. §§ If you are 
pouring metal castings at temperatures below 2700° F, we suggest you investigate the improved core properties 
offered by RCI’s FounprReEz liquid amino-aldehyde binder. Reichhold will deliver this unique resin to you from 
seven convenient shipping points in tank cars, tank trucks or drums. Write today for Technical Bulletin F-2-R for 


full data on RCI’s FounpreEz 7600 series. SET “en ta niin Gait 


COROVIT Self-curing Binders 
REICHHOLD *=: 
[rR CO-RELEES Sond Conditioning Agent 
Creative Chemistry... FO U N D iad Y =) R O D U & 4 Ss REICOTE Sand Processing Agent 
Your Partner in Progress REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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Otim-towond higher profit... 
RECRUIT EXTRA 


JOHN M. SWEENEY 
Manager, Technical 
Service 
CLEVELAND, OHIO 
Telephone: 
WOodbine 1-4690 


THOMAS R. WHITACRE 
CHICAGO. ILL, 
Telephone: 

YArds 7-4579 
Foundry Experience 

...- Nearly 20 years 


VICTOR M. ROWELL 

Director, New Products 
Development 

CLEVELAND, OHIO 


ROBERT V. HUNTER 
NEW YORK, N.Y. 


Telephone: 
WOodbine 1-4690 


HOWARD RAMSEY* 
COLUMBUS, OHIO 
Telephone: 
CApital 8-2559 
Foundry Experience 
...- Nearly 35 years 


GEORGE H. DONOGHUE, JR. 


PITTSBURGH, PA. 
Telephone: 
BRowning 6-1222 
Foundry Experience 
... Nearly 15 years 


GEORGE A. FULLER 
DETROIT, MICH. 
Telephone: 
TAshmoo 5-5030 
Foundry Experience 
... Nearly 15 years 


A 


LEONARD ROMANO 


BUFFALO, N.Y. 

Telephone: 
Cleveland 1014 

Foundry Experience 


- ++ Over 15 years 


DANIEL J. PENDERGAST 
BOSTON, MASS. 
Telephone: 

Liberty 2-9164 
Foundry Experience 

. ++ Over 15 years 


HOWARD E. HEYL* 
CLEVELAND, OHIO 
Telephone: 
WOodbine 1-4690 
Foundry Experience 


...- Nearly 25 years 


Archer 


QUALITY 


*Member of ADM BULLSEYE CLUB 


Telephone: 
TRemont 8-0866 

Foundry Experience 
. ++ 20 years 


E. L. SHAUGHNESSY* 
MILWAUKEE, WISC. 


Telephone: 


UPtown 3-4567 
Foundry Experience 


RICHARD M. GREGORY 
Technical Service 
Representative 
CLEVELAND, OHIO 
Telephone: 
WOodbine 1-4690 


... Nearly 15 years 


ARTHUR PENTERS* 
GRAND RAPIDS, MICH. 
Telephone: Detroit; 
TAshmoo 5-5030 
Foundry Experience 
... Nearly 15 years 


«es 
T. H. BROWN 
FRANKFORT, IND. 
Telephone: 2970 
Foundry Experience... 
Nearly 25 years 4 


\ 
RICHARD V. GROGAN 
LOS ANGELES, CALIF. 
Telephone: 
RAymond 3-4711 


Foundry Experience 
... Over 5 years 


L. E. RAYEL* 
CLEVELAND, OHIO 
Telephone: 

WOodbine 1-4690 
Foundry Experience 

.- + Nearly 15 years 


JACK H. KING 
President, ADM, Ltd. 
TORONTO, ONTARIO 


Telephone: 
RUssell 2-4433-4 


Aarcher-Baniels-Mliidiand company 


FEDERAL FOUNDRY SUPPLY DIVISION 
2191 West 110th Street + Cleveland 2, Ohio 
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CHARLES E. COULTER CLAUDE BOURASSA ROBERT J. MULLIGAN LOUIS M. LUND 
Western Sales Manager MONTREAL, QUEBEC Marketing Manager ROCK ISLAND, ILL. 
CLEVELAND, OHIO Telephone: we 2-3426 CLEVELAND, OHIO Telephone: 8-7216 MORRIS HOLLINGSHEAD 
Telephone: Foundry Experience Telephone: Foundry Experience TORONTO, ONTARIO 
WOodbine 1-4690 ...15 years WOodbine 1-4690 ... Over 10 years ° 
Telephone: 
RUssell 2-4433-4 


Foundry Experience 
... Over 10 years 


(Without adding to your payroll) 


This experienced ADM technical staff can help you further 
reduce core and molding costs while you improve casting quality. : 
JAMES A. KEECH 


Prepare now for the soaring sixties . . . recruit the services of the ; eg 
ADM Field Representative in your area. Phone his office today. ; ; Telephone: 
i ails RUssell 2-4433-4 
. Foundry Experience 
...15 years 


WILLIAM T. ELLISON 
GENESEO, ILL. 
Telephone: 4375 
Foundry Experience 

JAMES L. HASMAN, JR. ...15 years 

Manager, Foundry 

Supplies 
CLEVELAND, OHIO 


E. C. MEAGHER* 
MILWAUKEE, WISC. 


Telephone: 
yr ag JS Soe Telephon: ANTON DORFMUELLER, JR. 


UPtown 3-4567 LANSING, MICH. ; , 
Foundry Experience Telephone: Detroit; WOodbine 1-4690 Assistant General Manager 
... Over 15 years TAshmoo 5-5030 CLEVELAND, OHIO 
1 Telephone: 


Foundry Experience L 
... Nearly 15 years Saag, WOodbine 1-4690 


RICHARD A. SZARZ 
CHICAGO, ILL. DUNCAN C. HART / 


Telephone: LANCASTER, PA. \ 


YArds 7-4568 f 4 Telephone: 
Foundry Experience EXpress 2-4868 
... Nearly 15 years Foundry Experience 
JOHN L. MECKEL JAMES J. SCHWALM ... Over 20 years 
INDIANAPOLIS, IND. Eastern Sales Manager DANIEL R. CHESTER 
‘ Telephone: CLEVELAND, OHIO Manager, Products & 
; ING Fleetwood 6-3373 Telephone: Services 
nna each wag Foundry Experience WOodbine 1-4690 CLEVELAND, OHIO 
Representative -++ Over 10 years Telephone: 
CLEVELAND, OHIO WOodbine 1-4690 
Telephone: Also providing foundries 


WOodbine 1-4690 with ADM products and services: 


THE HILL & GRIFFITH CO., Birmingham, Alab 
PACIFIC GRAPHITE CO., INC., Los Angeles, Calif. and Oakland, Calif. 
PATTEN ENGINEERING CO., Denver, Colorado 
CANFIELD FOUNDRY SUPPLIES & EQUIPMENT CO., Kansas City, Kansas 
SYRACUSE FIRE BRICK SUPPLY CO., Liverpool, N.Y. 
GRAPHITE MINES, INC., New York, N.Y. 
LA GRAND INDUSTRIAL SUPPLY CO., Portland, Oregon 
PORTER-WARNER INDUSTRIES, INC., Chattanooga, Tenn. 
= UTAH FOUNDRY SUPPLY CO., Salt Lake City, Utah 
Refer to THE AFS BUYERS’ GUIDE for A. L. CAVEDO & SON CO., Richmond, Va. 
p : r CARL F. MILLER & CO., INC., Seattle, Wash. 
detailed information on all PEARSON & SMITH, Spokane, Wash. 
ADM FOUNDRY PRODUCTS THURLOW H. GREY, Dearborn, Mich. 
PETER KAINE, Cranston, R.1. 
WALTER KAINE, New York, N.Y, 
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how's business... 


Business in the metalcasting industry appears to be leveling off. By 
using statistics provided by the Bureau of Census, Department of 
Commerce, Modern Castings has prepared this special comparison of 
month-to-month metalcasting shipments for the years 1957, ’58 and 
’59. On the left, horizontal bar charts give a direct comparison of each 
month for the two year period November, 1957 through October, 
1959 and the accumulative total for the two years. 


The right-hand set of graphs demonstrate the steady 
climb of business during the first half of 1959 and 
a leveling-off during the last half. Shipments for each 
of the last 12 months are compared with the corre- 
sponding month a year previously and the ratio con- 
verted to per cent. For example, gray iron shipments 
were 940,138 tons in November, 1957, and 958,306 
tons in November, 1958—about 102 per cent of the 
1957 rate. So the curve starts at 102 per cent for 
November, 1958, and returns to 87 per cent for Octo- 
ber, 1959, when shipments of 871,779 tons were 
slightly lower than the 992,730 tons shipped in Octo- 
ber, 1958. 
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@ Did you say $509 million . . . yes that’s just 
how much new capital equipment the nation’s 


foundries will be needing during the next two 
years . . . according to a survey just com- 
pleted by the American Foundrymen’s Society. 
These staggering needs divide themselves into 
approximately $440,000,000 for ferrous and 
$69,000,000 for non-ferrous foundries. In case 
you wonder about their wants, here they are. 
Some 58 per cent of the reporting foundries 
want new materials handling equipment . . . 
57 per cent need molding and coremaking 
equipment . . . cleaning and finishing equip- 


ment is required by 49 per cent. Write the 
editor for your copy of the AFS Market Survey 
covering all the types of equipment needed, 
the relation of size of foundry and metal cast 
to future requirements, and other details. 


@ Beryllium copper . . . is establishng itself 
as the No. 1 material for high quality shell 
core boxes because of its excellent dimensional 
stability and thermal conductivity. 


@ For the Foundryman on the go. . . inexpen- 
sive short-wave radio in-plant communication 
system is being installed in Detroit foundry 
of Kelsey-Hayes Co. Small broadcasting unit 
is installed in foundry office. All foremen and 
supervisors carry portable transistorized bat- 
tery-operated radio receiver on their belts. 
Any of these men, regardless of where they 
happen to be in plant, can be contacted from 
foundry office sending station. If you need to 
contact the cleaning room foreman, just buzz 
his radio receiver and talk to him. A “hearing- 
aid” type earphone makes it easy to get the 
message without interference from all the 
usual foundry uproar. Good communication be- 
tween employees is one of the best ways to 
avoid misunderstandings, short circuit troubles 
and maintain an efficient operation. Kelsey- 
Hayes is taking an imaginative step in speed- 
ing vital communication with their new in-plant 
personalized radio communication system. 


@ Shell core collapsibility point . . . can be 
controlled by blending phenol-formaldehyde 
and urea-formaldehyde binders. The larger the 
portion of urea, the lower the burn-out tem- 
perature and ultimate core collapse. 


@ Recent Russian technical article . . . reveals 
their success in converting flake graphite to 
the nodular forrn by heat treating gray iron 
at 2010 F for 15 hr in presence of lithium. 
More details in this issue, page 168. 


@ Ever wonder . . . how to cut gates after 
hardening a mold with CO.? C. Lee Cook Co., 
Louisville, Ky., does it with a small pneumatic 
hand grinder. This technique is real useful on 
jobs where the number of castings to be 


made is too small to merit rigging pattern with 
gating system. And you can still harden the 


sodium silicate bonded sand before drawing 
the pattern. Then cut the gates with the size 
and shape grinding wheel best suited to the 
job. 


@ Negative pressure venting . . . is a good 
trick for producing high density, intricate cores. 
A venturi airjector is fastened to bottom or 
back of core box with a hole leading to core 
cavity. Just prior to blowing the core a nega- 
tive pressure of 3 Ib per sq. in. (6 in. Hg) is 
drawn on core box cavity by blowing com- 
pressed air through the venturi. 


@ Vendors . have often been accused 
of using commercial foundries as proving 
grounds for new products. New materials or 
processes have occasionally been prematurely 
“dumped” on the market in haste leaving 
luckless foundries to shake out all the “bugs” 
in production. 

It's encouraging to see a growing trend on 
the part of foundry suppliers to build experi- 
mental laboratories and foundries to prove 
out their new products. These facilities are 
also used to solve special foundry-customer 
problems. 

Four of the most recent fine examples of 
this trend are the product development labo- 
ratories included at the new headquarters of 
International Minerals and Chemical Corp., 
Skokie, IIl.; American Colloid Co., Skokie, IIl.; 
Magnet Cove Barium Corp., Rolling Meadows, 
Ill.; and Foundry Services, Inc., Berea, Ohio. 
We are sure there are more. So if your com- 
pany is similarly equipped, drop us a letter 
with a brief description of your facilities and 
we'll add you to our Blue Ribbon list. 
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ALUMINUM Automotive 





Castings ~ « « Why they are becoming 


When the automotive industry first turned to mass 

production it nucleated a new market for alumi- 
num destined to grow to 400 million pounds a year— 
1/10th of our domestic production! Automotive pis- 
tons became the first significant aluminum parts to 
prove the merits of light metal alloys. For over four 
years now the industry has been virtually 100 per 
cent converted to aluminum pistons. The growing 
use of aluminum per car appears in Table 1. 

Aluminum castings account for an estimated 85 per 
cent of the total aluminum usage in the automotive 
field. Table 2 shows the principal cast aluminum 
parts used in the past. Projected uses for other parts 
are in Table 3. A partial list of past, present and future 
potential aluminum castings appears in Table 4. Some 
typical cast parts show their complexity in Fig. 1-6. 

The conversion of pistons to aluminum occurred 
because of the engineering advantage inherent to 
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TABLE 2 — CAST ALUMINUM PARTS 
whee Bie pei Basis 5/2 Million Car Tear 
Present Potential 
Consumption Consumption 
(pounds) (pounds) 
61,000,000 | 61,000,000 
45,000,000 121,000,000 
| 182,000,000 





Aluminum 
per Car 
(pounds) 
Pistons 1 
Transmission Parts 22 

















TABLE 3 — FUTURE USES FOR CAST ALUMINUM 


Part a Aluminum ger Car (pounds) 








Pistons : W 
Transmission Parts i 22 
Cylinder Blocks 50 
Cylinder Heads 40 
Brake Drums 18 
Clutch Housings 7 
Intake Manifolds 9 
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TABLE 4 — TYPICAL APPLICATIONS FOR ALUMINUM CASTINGS 


Steering Column Shrouds Power Brake Components 
Instrument Panel Pistons 
Wheel Discs Rocker Arm Shaft Support 
Fan Spacers Valve Rocker Arm Supports 
Water Pump Pulley Hub Spacer Bearings 
Distributor Base Starter End Plates 
Oil Filter Housing Power Steering Housing 
Generator End Plates Master Cylinder Pistons 
Cylinder Heads Air Conditioning Units 
Carburetor Parts Wheel Cylinder Pistons 








low reciprocating weight. This more than offsets the 
disadvantage arising from differential thermal expan- 
sion between aluminum pistons and iron cylinder 
bores. 

The desire to reduce reciprocating weight was es- 
pecially keen with the introduction of the V-8 engines. 
Lighter pistons required less counterweighting and 
corresponding lower bearing loads. 





§ . Cast aluminum 
oa with iron 





Fig. 2. . . Air com- 
pressor castings. 





Fig. 3 . . . Transmis- 
sion bell housing. 





ES ite 


by Rosert F. THomson 
Research Laboratories 
General Motors Corp. 
Warren, Mich. 


IGE EZ. 


Economic Considerations 

Extensive application to transmission parts came 
about after World War II when steel began to be 
in short supply and aluminum became more avail- 
able. Minimum cost requirements led to casting alu- 
minum for the most part by either the die casting 
or permanent mold process. Economic competition 
from other materials has been responsible for limit- 
ing many applications. 

Figure 7 shows some price trends since World War 
II. Note that pig iron has increased in price quite 
consistently and at a faster rate than aluminum. If 
the price of these two commodities continues to sep- 
arate, aluminum will become more and more attrac- 
tive as time goes on. One counter irritant to the 
increased price of pig iron has been the relatively 
cheap price of steel scrap. No specific long term trend 
is noticeable in the period cited. 

Appreciably greater market penetration would re- 
sult if a practical, economical, wear-resistant alumi- 
num alloy were developed. This would open up the 
possibility of cylinder blocks, brakes and pumps. 


. UTrans- 


flywheel 


Fig. 4 
mission 
housing. 


Fig. 5 
mission rear 
ing retainer. 


Trans- 
bear- 
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High Silicon Alloys 


Figure 8 compares the wear resistance of a heat- 
treated gray iron with a high silicon wear-resistant 
aluminum alloy and a molybdenum and chromium 
plate coating. Observe that the aluminum alloy and 
the coatings have an appreciably greater wear resist- 
ance than even a heat-treated gray iron. The effect 
of casting method on wear resistance is shown in Fig. 
9 and 10 for some aluminum alloys. 

The use of high silicon alloys is not new. Table 5 
lists some of the compositions used in the past, al- 
most exclusively for pistons. Note that coefficient of 
expansion decreases with increasing silicon—Fig. 11. 
This accounts for the extensive use of high silicon 
alloys in pistons, especially in Europe. 








TABLE 5 — ALUMINUM PISTON COMPOSITIONS 


Alloy Type Si Cu Mg Ni 
F132 95 | 3 | 





= D132 9 3.5 


8 
© A132 - 2 


0.8 
2.5 
1 
AlSi18CuNi | 18 1 1 
AlSi 24 CuNi 4 6| (1 1 


1 
0 

08 it. 
AISi12CuNi | 12 | 1 1 
1 

1 








One of the really significant developments has been 
the use of phosphorous as a refining agent. The tech- 
nique is about 30 years old but the optimum in 
modification has occurred in the past few years. 

Figure 12 pictures a 16 per cent silicon alloy in the 
unrefined condition. Note the large primary silicon 
crystals. Addition of 0.01 per cent phosphorus caused 
the resulting refinement shown in Fig. 13. The meth- 
od of casting, sand or permanent mold, affects the 
degree of refinement. 

As would be expected, the machinability of the 
high silicon alloys is inferior to some of the more 
conventional alloys. So tool wear is higher. High sili- 
con alloys are not among the best aluminum casting 
alloys and due allowances must be made for this 
deficiency. 

Physical properties of one high silicon alloy is com- 
pared with 355 alloy and cast iron in Table 6. Based 
on some laboratory bench tests, the high silicon alloy 
compares, in corrosion resistance, with some more 
conventional alloys (Fig. 14). 
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TABLE 6 — COMPARISON OF PHYSICAL PROPERTIES 


Tensile Strength Fatigue Elastic 
is psi Strength Mod. 

Alloy As-Cast T-7 Notch x 10°6 psi 
355 =, 20-25,000 | 35,000 7-8,000 | 10.3 
19% Silicon = 20-26,000 31,000 7-8,000 | 13.5 
Cast Iron 30-35,000 12,000 | 13-16 











Future Considerations 


Potential future expansion in the use of aluminum 
is predicated on a number of factors which generally 
reflect back to the relative economics of light metal 
utilization by the automotive industry. 


























Fig. 9 . . . Effect of solidification rate and heat treat- 
ment on wear of an aluminum alloy. 


Figure 15 is taken from a paper by Mr. D. F. Caris 
of General Motors Engineering Staff. The curves show 
trends in vehicle weight and gasoline economy. De- 
velopment of more efficient engines after World War 
II offset the increased vehicle weight and the use 
of automatic transmissions until about 1954. Since 
that time it has been a losing battle to try to offset 
these factors by improving engine efficiency. 

“One important way to improve economy is to re- 
duce the weight of the automobile and a good way 
to start is to reduce the weight of the engine. An 
aluminum engine can weigh up to 200 pounds less 
than its cast iron counterpart. But this is only the 
beginning because the lighter engine requires less 
structure to support it, lighter tires, lighter brakes 
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Fig. 10. . . Effect of silicon on wear 
of aluminum alloys. 





and better weight distribution. It is like starting a 
snowball down hill.” 


Significant Developments Needed 


A number of significant developments would fur- 
ther permit decreased vehicle weight through the 
use of aluminum castings. They are:— 

. Improved quality of die castings. 

. Improved physical properties of die castings. 

. Decreased heat treating cycles. 

. Improved core materials and mold materials for 

semi-permanent mold castings. 

. Improved die casting die materials. 

. Cheaper methods for producing die casting dies. 


> 1. Improved Quality of Die Castings—Some years 
ago the die casting process was called upon primarily 
to produce a complicated shape which was often 
composed of a “lot of holes held together by a little 
metal.” But now the process is capable of producing 
castings with good engineering properties and free- 
dom from internal defects. Even a machined casting 
will be pressure-tight without subsequent expensive 
impregnation. 

Vacuum die casting has been investigated by many 
producers. To date this innovation alone has not been 
sufficient in our experience to produce high integrity 
castings. Still further improvements are needed. 

Scrap on some die castings can run consistently 
15-25 per cent. Sometimes it’s as high as 100 per 
cent, especially if the castings must be pressure-tight. 
This happens frequently enough that some people 
believe complicated castings can be produced more 
cheaply by permanent molding, even though the cy- 
cle time is appreciably slower. When high scrap is 
coupled with high capital investment and high die 
costs, permanent molding looks even more attractive. 


> 2. Improved Mechanical Properties—Aluminum die 
castings need improved mechanical properties, espe- 
cially ductility. A 25 per cent improvement, or better, 
in modulus of elasticity would also significantly af- 
fect future applications of aluminum castings. 


» 3. Decreased Heat Treating Cycle—A typical pres- 
ent day heat treatment to produce optimum proper- 
ties in a semi-permanent molded aluminum casting 
consists of a four to twelve-hour solution treatment 
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at 925 F to 1000 F, followed by a two to eight-hour 
age at 300 F to 500 F. Mr. Critchfield, vice-president 
of General Motors Corp., pointed out that if one 
were to make automotive cylinder blocks of such an 
alloy at a “production rate of 10,000 units per day, 
the heat-treating furnaces alone would cover more 
than two acres.” This is certainly an added economic 
penalty. So a considerably shorter heat treatment or 
none at all would enhance the increased future use 
of aluminum castings. 


» 4. Improved Core and Mold Materials for Semi- 
Permanent Mold Castings—One of the attractive prop- 
erties of aluminum is its excellent thermal conductiv- 
ity. Engine designers are interested in conducting 
heat through the wall of a casting to a cooling medium 
on the opposite surface. Much of the thermal advan- 
tage of aluminum is lost if either surface of the cast- 
ing has a significant amount of adhering or trapped 
core sand. 














Microstructure of Unn 
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To counteract this handicap the industry needs 
core binder which permits complete removal of all 
core sand from intricate passages without a subse- 
quent reheating operation. This is especially impor- 
tant if the casting is not to be heat treated or is to 
be aged only. (Aging temperatures are 325-450 F.) 
Many binders, such as conventional core oil used in 
gray iron founding, will not completely break down 
at the lower aluminum casting temperatures. Conse- 
quently, core removal becomes almost impossible. A 
binder which would completely disintegrate in a few 
hours at 300-400 F could solve this problem. Many 
castings must be stabilized for dimensional reasons 
at such temperatures. 


» 5. Improved Die Casting Die Materials—A die cast- 
ing die may cost anywhere from a few hundred dol- 
lars to over a hundred thousand dollars. In a rela- 
tively short time the die becomes “checked” as shown 
in Fig. 16. At this time the die must be reworked or 
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{ Fig. 14. . . The relative corrosion rate of the high sili- 
con alloy compares favorably with others. 
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even eventually scrapped. An improvement in life 
between reworking operations would affect the price 
per piece significantly. Since the capital investment 
in a die casting machine is high, excessive down time 
materially affects the cost of the castings. On some 
complicated castings nonproductive time can approach 
productive time. Molybdenum and its alloys show con- 
siderable promise for certain inserts and cores. 


>» 6. Cheaper Methods for Producing Die Cast Dies— 
The high cost of die casting dies creates a real need 
for improved and cheaper fabricating methods than 
a Kellering operation. Especially if more than one die 
is required, the use of precision cast dies appears 
promising. 


@ If aluminum is to make a maximum market pene- 
tration in the automotive industry in the future, these 
problems must meet with economical solutions. ®"*" 


Fig. 16... Die 
casting dies are ex- 
pensive and must 
be reworked or 
scrapped when 
they become 
‘checked” as shown 
on right. 
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Fig. 15 . Development of more efficient engines 
after World War II offset increased vehicle weight until 
advent of automatic transmissions in 1954. 
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BREAKTHROUGH 


on casting Titanium 


A modified shell molding technique, using powdered graphite 


bonded with a phenolic resin, is used to make molds capable of 
producing sound castings in titanium and other refractory metals 
with as little contamination and as good surface quality as 


castings from machined graphite molds. 








Fig. 1 . . . Graphite-resin crucible used in tests. 


The development of an inert, inexpensive and ex- 

pendable mold material, equivalent to foundry 
sand, would provide a strong impetus to the growth of 
a titanium casting industry”. For this reason, many 
materials have been evaluated during the past seven 
years**5.6, To date, only machined graphite has 
been found to consistently produce sound castings 
of large cross-section with little contamination’. Un- 
fortunately, machined graphite molds are expensive, 
slow to produce and have only limited life. 

In this investigation it was reasoned that the de- 
velopment of a completely inert molding material 
was improbable because of the extreme reactivity of 
molten titanium. The real objective was to produce 
a material which would provide castings with an ac- 
ceptably low degree of contamination and the surface 
quality usually associated with castings made in ma- 
chined graphite. 

Early observations suggested that the attack by mol- 
ten titanium on mold materials was largely by infiltra- 
tion or erosion and then solution rather than by direct 


modern castings 
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chemical attack. Thus, mold surface quality was im- 
portant. A smooth, strongly bonded mold surface 
would resist attack much better than one that was 
loosely bonded or porous. 

Any material developed must also be commercially 
practicable. For example, the use of rare earth oxides 
could not be justified on account of their high cost— 
in spite of possible chemical stability in contact with 
molten titanium. Any method proposed should be 
applicable to normal production practice with such 
established foundry techniques as hand or pressure 
ramming, shell molding or slip casting. 

In view of the success of machined graphite as a 
mold material, powdered graphite appeared to be 
the most promising material with which to commence 
the investigation®***. In the work described, high 
quality graphite powder was used as the filler ma- 
terial and a number of binding materials were evalu- 
ated. 


Raw Materials 

Many combinations of high purity graphite powder 
sieve fractions were considered. To produce a densely- 
packed mold of high surface quality, a range of sieve 
fractions must be employed. The most suitable prop- 
erties were obtained with a graphite powder having 
the following sieve analysis: 





TABLE 1 — SIEVE ANALYSIS OF POWDERED GRAPHITE 


Sieve Size % Retained 
52 Mesh 20 
52-72 “ 17 
72-100 “ 14 
100-150 “ 16 
150-200 “” 12 
200-300 “ 7 
—300 “” 14 


100 





Numerous bonding agents were evaluated includ- 
ing sodium silicate hardened by carbon dioxide; pitch 
and tar; fish glue; starch and bentonite; polystyrene 
and liquid and solid phenol formaldehyde resins. 


Experiments with Various Bonding Agents 


Most of the work was performed on a small scale 
using approximately 200 gm mixes. Many of the com- 


*Now at Research Institute for Advanced Studies, Baltimore, Md. 





positions made up could be quickly rejected by ob- 
servation of the surface quality, strength etc. of the 
compacts made from them. The remainder were used 
to make crucibles of the type shown in Fig. 1 and 
tested by casting a small quantity of molten titanium 
into them. 

One-inch diameter compacts of graphite powder 
and sodium silicate were made up and gassed with 
carbon dioxide. Various combinations of graphite par- 
ticle sizes were used with 5-10 per cent by weight of 
sodium silicate. Gassing times were usually 10-30 sec- 
onds. A hardened cylindrical compact was then tested 
by pouring molten titanium onto it. A violent reaction 
produced a large blowhole directly above the com- 
pact and extended completely to the top surface of the 
casting. 

A previous report® claimed molds made this way 





Air Force Titanium Casting Project 
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minimum. Experiments used powdered graphite and 
2-10 per cent phenol formoldehyde resin. Resulting 
shells did not approach the quality of foundry sand 
shells although many variations in sieve fraction were 
tried. A cast shape produced in one of these molds 
was badly contaminated (39.5-49.0 Rockwell C). 

Phenolic resins were also tried as core binder 
but loose surfaces resulted and the compacts were 
not considered satisfactory. 


gil 


Feild’s Mold Material 


Feild? described a graphite powder-based ma- 
terial capable of producing sound, contamination-free 
castings. In this investigation a number of substances 
were tried in place of the component Feild describes 
as ‘carbonaceous cement’. Included were corn starch 
and a surface-active agent. Compacts were prepared 





® A final report covering U.S. 
Air Force sponsored research on 
casting titanium has now been re- 
leased. Three years work by Na- 
tional Research Corp. culminated in 
the following conclusions: ® the 6% 
Al—4% V—balance Ti alloy proved 
to have the best castability 
® rammed graphite molds produced 
excellent castings at reasonable cost 
. .™ vacuum consumable electrode 
skull melting with vacuum pouring 
gave best results . § attained 
sound castings with as-cast proper- 
ties of 140,000 psi tensile, 121,000 
yield and 6 per cent elongation. 
Casting properties are further im- 
proved by solution heat treating at 


Ti—6 Al—4 V alloy may be welded 
without loss of strength. 

National Research sees no ob- 
stacle in path of commercial pro- 
duction of titanium castings. Titan- 
ium sponge and foundry scrap 
could be melted or consolidated un- 
der argon using a permanent elec- 
trode skull furnace and then cast 
into ingots. These ingots would be 
used as consumable electrodes in 
the arc skull casting furnace. 

The experimental program devel- 
oped a non-steady state, cooled con- 
sumable arc skull furnace which 
eliminates entirely the possibility of 
blowouts caused by the presence of 
water near molten titanium metal. 

The report closes with these rec- 


ommendations for further work. 
Rammed graphite mold formula- 
tions are unduly complicated and 
difficult to handle upon slight dry- 
ing. New binders are needed to 
simplify processing and molding. 
Formulations amenable to use with 
regular core blowing and sand 
slinging equipment are needed so 
post mold pressing and mold dis- 
tortion could be eliminated. 

Final recommendation is for an 
educational program to acquaint po- 
tential titanium castings users with 
properties available. Increased de- 
mand for castings would lead to im- 
proved techniques as more found- 
ries became interested in the 
production of reactive metal shapes. 


1700 F, quenching and aging. The 
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but heated to 750 F for 16 hours before use gave 
sound results. In view of the poor surface quality 
of the compacts being produced and the above ex- 
perience, this possibility was not investigated. 

Compacts were then made by compressing mix- 
tures of graphite powder, tar and pitch followed by 
baking at high temperatures. These compacts were 
porous, of poor surface quality and of low strength. 
Specimens also warped during the high temperature 
bake-out. 

It had been suggested’ that molds made of pow- 
dered graphite and bonded with polystyrene intro- 
duce little more carbon contamination than machined 
graphite molds. A mold containing 30 per cent poly- 
styrene displayed good surface quality. But the cast- 
ing subsequently produced contained up to 9 per- 
cent carbon in the top portion. Polystyrene-bonded 
molds also disintegrated on heating to 1470 F in 
argon. 

The advantages of the shell molding process are 
well known and their use for titanium was attractive. 
To reduce contamination caused by decomposition 
products of the resin, binder content was kept to a 
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according to the procedure detailed by Feild. How- 
ever, after the high temperature treatment the com- 
pacts were found to have shrunk and distorted badly. 

One of the compacts was tested in the same way 
as the one bonded with sodium silicate. A cross sec- 
tion revealed that the molten titanium had completely 
impregnated the compact. In later work, tar, gold 
size and a liquid phenolic resin were substituted for 
“carbonaceous cement.” Of these, liquid phenolic resin 
produced the least distortion after high temperature 
treatment. The high percentage of water required 
and the large proportion of volatile material con- 
tained in the other components accounted for ex- 
treme mold porosity. 


High Percentage of Phenolic Resins 


Sufficient bonding agent should be used to bind 
the powder graphite particles with a thin film of 
carbon formed by bond decomposition during bak- 
ing. So the binder used should have high carbon 
content. This requirement suggested phenolic resins 
which contain up to 50 per cent carbon. Shells made 
with 20 per cent phenolic resin demonstrated good 
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TABLE 2. — CONTAMINATION OF CASTINGS MADE IN EXPENDABLE MOLDS 
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Mold Material Casting 
5" dia. rod No. | 
5" dia. rod No. Il 


12" dia. cylinder 


Nitrogen % | Carbon % | Mnadinees DP.N. 
< = Cae al = —_ 


Oxygen % | tydregen % 
+0.004 | 
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+0.038 | —0.0015 
+-0.060 
+0.038 
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slurry and shell molding techniques 
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surface quality and strength. After a high tempera- 
ture bake-out, 1560 F for 1-1/2 hours in argon, the 
shells were still satisfactory. Many experiments proved 
the best sieve fraction of graphite to be the one 
listed in Table 1. The optimum percentage of resin 
binder was 40 per cent. Excellent strength and good 
quality surfaces are demonstrated by a cast made 
into a mold of this material—Fig. 2. 

Figure 3 shows a cast made into an unbaked mold 
for comparison. The marked improvement is evident 
in Fig. 2 but there is still some evidence of erosion 
pickup of graphite. 

The next step was to improve the mold surface 
quality. Mixtures of high quality flake graphite, iso- 
propyl alcohol and liquid phenolic resin were painted 
onto shell molds and then cured and baked as usual. 
Surface quality improved. But surfaces were still soft 
and graphite pick-up contamination occurred on cast- 
ing. A cast shape produced from a part-coated mold 
showed greater porosity in that part of the casting 
made in the coated side of the mold. 

Mold Coatings 

Coatings of colloidal graphite in various liquid 
media and a proprietary graphitic material in alcohol 
improved surface quality in the unbaked state. High 
temperature treatment provided little improvement. 
Often the coating flaked off. 


Fig. 2 . . . Baked mold shows good quality metal. 


To achieve the better surfaces obtained with flake 
graphite coatings and to remove the tendency to 
spall off, a number of molds were made up solely 
of flake graphite and phenolic resin. While surface 
quality was good after molding, all shells were weak 
and ‘spongy’ after baking and were unsatisfactory. 

Molds of high surface quality are produced in the 
precision casting industry by slurry methods. The 
ultimately successful procedure was developed from 
this technique. A mixture contained the graphite de- 
scribed in Table 1, 40 per cent phenolic resin and 
sufficient isopropyl alcohol to produce a syrupy con- 
sistency. It was poured onto a pattern and heated 
slowly to 570 F. When parted from the pattern, the 
shell surface appeared heavily pitted. The quality 
of the remainder of the surface compared well with 
machined graphite, being perfectly smooth and ex- 
tremely hard and strong. Evaporating alcohol caused 
the pitting. 

To overcome this defect two procedures were con- 
sidered. A slower heating process should allow the 
alcohol to evaporate without the formation of large 
cavities. Alternatively, a succession of thin coatings 
laid down at some temperature above the boiling 
point of the alcohol might produce a smooth coat- 
ing. The latter method has obvious advantages and 
proved successful. 


Fig. 3 . . . Unbaked mold reacts badly with titanium. 





Thin coatings of the special graphite (Table 1) 
with 40 per cent phenolic resin and 60-90 per cent 
isopropyl (or ethyl) alcohol were applied to a sili- 
cone-coated pattern preheated to around 300-390 F. 
A layer about one mm thick was built up. Then this 
film was backed up with the standard dry shell mold- 
ing mixture. An excellent hard surface was obtained 
both before and after baking, Fig. 4. Shrinkage on 
baking was only about 4 per cent. A shape cast into 
molds this way is shown in Fig. 5. 

Figure 6 pictures a mold after use. The clean break- 
away of mold from casting was an encouraging fea- 
ture which demonstrates that little metal-mold reac- 
tion occurred, The surfaces of the castings were bet- 
ter than those of similar shapes produced in ma- 
chined graphite molds. They had fewer laps or cold 
shuts, were sound and revealed little contamination— 


see Table 2. 


Conclusions 

Out of several possible mold materials for casting 
titanium and its alloys, one based on the use of a 
high-purity graphite powder of specific sieve fraction 
and bonded with 40 per cent phenolic resin appears 
to offer the best chance of successful exploitation 
on a production scale. 

The material was only evaluated on a small scale 
in this investigation with castings up to 2-in. section. 
However, the high strength and good surface quality 
of the shells produced by this technique suggest that 
few difficulties would be encountered in scaling up 
the process. By suitable design of gating systems, 
perhaps using machined graphite inserts where the 
molten titanium first strikes the mold, it should be 
possible to eliminate contamination from erosion. Cast- 
ings produced in the material described exhibited 


Fig. 4. . . This mold 
has graphite-resin fac- 
ing backed up with 
dry shell mix. 


Fig. 6 . . . Mold looks 
like this after remov- 
ing titanium casting 
from it. 


Fig. 5... This smooth 
titanium casting was 
made in the graphite 
shell mold above. 


little contamination and better surface quality than 
like castings produced in machined graphite molds. 

In comparison with machined graphite the tech- 
nique described allows a much simpler and quicker 
method of mold manufacture at greatly reduced cost, 
particularly for quantity production. 

The shell molding process takes little time. Coating 
the pattern with slurry before making a shell in the 
normal way only doubles the time required to pro- 
duce the finished mold shape—a total of not more 
than 10 minutes. The clean break-away of mold and 
casting suggests that, with care, more than one cast- 
ing can be obtained per mold. Molds can then be 
broken up, crushed and sieved and the resulting 
graphite powder re-used. Shells made in this way 
have shown no deterioration in properties. 
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Step-by-Step Procedure of 
Powdered Graphite Shell Molding 


1. Pattern Preparation 

Lubricate the pattern before use; otherwise, the hardened shell will 
adhere firmly to it. A silicone lubricant is recommended.** This should 
be diluted with carbon tetrachloride and painted on the previously 
cleaned pattern. Pattern and coating are then heated for several hours 
at 390-570 F to dry the coating. 

This procedure is repeated two or three times. A thin hard film is 
thus built up on the pattern which acts as a release agent in sub- 
sequent shell-molding operations. For best results the film should be 
renewed between each molding operation by coating the pattern with 
a 5 per cent solution of the silicone and heoting at 390-570 F for 
5 minutes. 


2. The Molding Operation 


A sufficient quantity of graphite powder is mixed with 40 per cent 
by weight of phenol formaldehyde resin powder. A small amount of 
this mixture is then made into a slurry by adding about 90 per cent 
by weight of isopropyl alcohol. This slurry is painted on to the pattern 
which is maintained at a temperature above the boiling point of the 
alcohol, e.g. 390 F, so that the latter is immediately removed by 
evaporation. Two or three coatings of the slurry are applied. Care 
must be taken during the latter applications to fill in any small holes 
produced in the earlier coatings by evaporation of the alcohol. 

When the film built up in this way is about 1 mm thick, the main 
body of the mold is formed by a conventional shell molding technique 
employing the solid mixture of graphite and resin. The mold material 
and pattern are next heated for 3 or 4 minutes at 570 F to cure the 
resin. Mold is then removed by striking the pattern a sharp blow 
underneath. 

A second shell is made in a similar way and the two shells to- 
gether constitute a complete mold. The two halves of the mold are 
placed together, bound with soft iron wire to prevent warping, and 
then baked at about 1650 F for 1-1/2 hours in an inert atmosphere. 
This treatment removes volatile material from the mold. 
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May 9-13, 1960 


CASTINGS 
CONGRESS 


Preview of 
Metal Castings 
Technology 


@ New processes and techniques 
for application today and tomorrow 
form the framework for the tech- 
nical papers to be -given at the 
64th Castings Congress scheduled 
May 9-13 at Philadelphia. Forty 
technical sessions during the week 
will point up the progress being 


made throughout the industry. 
Some technical papers present 
information which may be applied 
immediately. Others are keyed to 
more distant developments. More 
than 100 papers will cover the en- 
tire range of foundry operations 
including sessions of interest to 


management, production and re- 
search, directed to small foundries 
as well as large. 

Some of the outstanding papers 
briefly summarized are: 

Any foundry will profit from 
Controlling Costs of Foundry Op- 
erations, by K. T. Kinderle. It is 
emphasized that the program is 
more likely to succeed if foremen 
are informed of the goals and if it 
is presented in their language. 
Costs are brought down to individ- 
ual jobs of the individual opera- 
tors. Attend these sessions and see 
how easy-to-read production con- 
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trol graphs are prepared and kept 
current. 

Job Evaluation—Asset or Liabil- 
ityP, by A. G. McNichol. The au- 
thor’s plan consists of these ele- 
ments—job description, job classifi- 
cation and job evaluation. Properly 
applied, job evaluation results in 
equitable wage rates for all jobs 
in the plant. It measures not only 
the relative worth of each job at 
the time of installation, but also 
provides the mechanism for main- 
taining proper relations in the fu- 
ture. Details, including charts and 
tables, will be presented at an In- 
dustrial Engineering & Costs tech- 
nical session. 

Every gray iron foundryman is 
vitally concerned with selecting the 
proper number and locations of ris- 
ers on his castings. But how many 
know that feeding distance of ade- 
quate risers on simple, uniform sec- 
tioned gray iron castings of unal- 
loyed, hypoeutectic gray iron cast 
in rigid molds is unlimited. This 
conclusion is obtained in Feeding 


Distance of Risers for Gray Iron 
Castings, a progress report by the 
Gray Iron Division sponsored by 
the AFS Training & Research Insti- 
tute. Other results of this work will 
be presented at a Castings Congress 
Gray Iron session. 

When comparing sands of simi- 
lar AFS grain fineness number, the 
sand with the broadest distribution 
will develop the higher physical 
properties—all other conditions be- 
ing equal. What conclusions can 
be drawn when comparing sands 
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Exhibitors 
Product Review 


@ Retention of customers, conver- 
sions to castings and procurement 
of components for new machines 
and equipment are three of the 
steps cited by industry leaders as 
musts for foundries to obtain a 
greater share of the metal fabrica- 
tion market. All three involve the 
use of new processes, techniques 
and equipment. 

Constant improvements are be- 
ing made by equipment manufac- 
turers and suppliers. What are the 
latest in equipment and supplies? 
The answers will be found at the 
AFS Foundry Exposition—100,000 
sq ft showplace of the metalcast- 
ings industry. 

An estimated 15,000 foundrymen 
are anticipated at the Exposition to 
be held May 9-13 at the Philadel- 
phia Convention Hall. The nearly 
300 exhibits will include both a 
ferrous and non-ferrous operating 
foundry. 

Here are some of the new devel- 
opments to be placed on display: 


Hydraulic Lifting Device 
Features Easy of Operation 
Hydraulic lifting device operates 
at speeds up to 400 fpm simply by 
up or down motion of control handle. 


Work load duplicates movement of 


your hand. Servo Lift, Chicago, will 
exhibit unit which operates on nor- 
mal shop air pressure and is easily 
installed on any trolley or rail sys- 
tem. Lifter has an overall length of 
7 ft with an effective lift of 4-1/4 ft. 


British Moulding Machine 
Features New Improvements 


Improvements on automatic roll- 
over machines will be exhibited by 
British Moulding Machine Co., Ltd., 
Faversham, Kent, England, one of 
the overseas exhibitors at the Found- 
ry Exposition. 

Two automatic machines will op- 
erate in tandem with 22 x 16 in. tight 
flasks. Both machines will be con- 
trolled by a single operator, produc- 
ing 240 molds hourly. Drag half 
molds will be turned over automati- 
cally and deposited onto a gravity 
roller conveyor to receive the copes. 
Both the drag turnover machine and 
mold closing equipment are new prod- 
ucts. 


Newaygo Engineering Shows 
29-Ton Sand Handling Unit 


Bigger and better sand handling 
unit eliminates shoveling by molder 
and has hourly capacity of 20 tons. 
This Handy Sandy will be shown at 
the Castings Exposition by Newaygo 
Engineering Co., Newaygo, Mich. 

Unit has 5x8 in. cast buckets; 10-in. 
rubber-covered elevator belt; cast 
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tor HIGH ; 
DUCTILITY and - 
TOUGHNESS 


Steelmaking practices developed at the Watertown Arsenal, Rodman 
Laboratory, demonstrate the need for minimizing phosphorus and 
sulphur contents in cast low alloy steels in order to maximize 
ductility and toughness at low, medium and high-strength levels. 


These casting variables are of 

particular interest to the metal- 
lurgist who is attempting to pro- 
duce better castings: 1) segregation, 
2) porosity, and 3) nonmetallic in- 
clusions.1 Nonmetallic inclusions 
were selected for the initial Rod- 
man Laboratory investigations. The 
field of study was further narrowed 
to investigating the effect of re- 
moving phosphorus and sulphur 
on the physical properties of cast 
steels.” 


Fig. 1 


Factors Affecting Chemical and Physical Properties 


Recent work in the literature correlates slag and 


metal characteristics existing during a basic-electric 


steel melting process with the dynamic dephosphoriz- 
ing and desulphurizing powers existing in such sys- 
tems.* Equations relating the dephosphorizing and 
desulphurizing powers as functons of two slag param- 
eters are: 


Dephosphorizing power 
() . (%CaO) (%FeO) | 
[P] (%SiOz) 

and desulphurizing power = 
(S) r (%CaO) 


TS] °* | (%SiOz) (%Fe0) | 


= ®, 











(P) = percent phosphorus in the slag 
= percent phosphorus in the metal 
, =< percent sulphur in the slag 
S] = percent sulphur in the metal 
where (%CaO) 
(% 


= the slag basicity 





a 
SiOz) 
(%FeO) = the slags oxidizing power 
\ @1, Do, bs, by = constants 
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. Basic-electric arc fur- 
nace during tapping operation. 


by Joun Zotos 
Rodman Laboratory 
Watertown Arsenal 
Watertown, Mass. 


Equations (1) and (2) show that 
if a constant basicity is maintained 
during the melting process, maxi- 
mum dephosphorizing and desul- 
phurizing conditions cannot exist 
at the same moment, due to the 
opposite effect of the slags oxidiz- 
ing power in the two slag para- 
meters. 

Therefore, to remove both these 
detrimental elements from steel the 
melting process has to be separated 
into portions. One portion uses a 
highly oxidizing slag (high percent 
FeO) for maximum dephosphorization.. And the sec- 
ond part uses a minimum oxidizing level in the slag 
(low percent FeO) for maximum desulphurization. 
Such results can be realized using a well controlled 
two-slag basic-electric practice. 

The reduction of both phosphorus and sulphur con- 
tents to the 0.010 percent levels resulted in a signifi- 
cant increase in the reduction in area, impact strength 
and elongation, while maintaining a constant strength 
level.* 5 

Current literature reports on dephosporization and 
desulphurization using the basic-electric furnace prac- 
tice. So an attempt was made to evaluate the effect 
of these slag parameters on the desulphurization of 
low phosphorus steel (approximately 0.015% phos- 
phorus wax.) using a basic induction melting practice. 
Theoretically, the ionic reaction taking place between 
molten slag and steel is: 


[S] + (07) = (S*) + [0] ° (3) 


[S] = the percent sulphur in the steel 
= the percent sulphur in the slag 


(S*) 
where - = the percent oxygen in the steel 
(O*) = the percent oxygen in the slag 





Fig. 2 . . . Rodman Laboratory per- 
sonnel tap 500-lb induction furnace 
into a teapot ladle. 


As this reaction approaches equilibrium, the equation 
for determining the equilibrium constant (K) is: 


~ (S*) [O] 
~ [S$] (0%) 


(4) 


A further assumption that the oxygen content of the 
slag attains a constant value (O*) = constant, changes 
the preceeding expression to: 


, _ [0] (S*) 
ae 


Deoxidizers such as ferrosilicon and/or aluminum 
are added to the steel bath under favorable slag 
conditions. Then the percent oxygen in the metal 
decreases, the K’ remains constant, but the ratio be- 
tween the percent sulphur in the slag and the per- 
cent sulphur in the steel increases. This indicates 
that optimum desulphurization of the steel is obtained 
after adequate deoxidation has been achived. 

This principle was the basis for the basic induc- 
tion melting investigation initialed by E. J. Dunn, 
Jr. and continued by D. Colling and co-workers at 
the Rodman Laboratory. In addition to this process 
variable, they have further significantly reduced the 
sulphur content by inoculating the metal with a cal- 
cium based alloy. Their work will soon be reported 
in the literature. 


(5) 


Atmospheric Melting 

The various types of melting furnaces available at 
the Rodman Laboratory include the basic-electric arc 
furnace illustrated in Fig. 1 and several acid and 
basic-induction furnaces, like the one in Fig. 2. 

Basic electric steel melting investigations are be- 
ing conducted in a 6-1/2 ton basic-electric steel 
furnace. Raw material is high density scrap having 
an average sulphur and phosphorus content of 0.025 
per cent. The melting procedure generally consists of: 
1) an oxidizing period; 2) a wash period; and 3) a 
reducing period. This melting practice (described 
later) first produced cast steels having an average 


Fig. 3 . . . Induction vacuum fur- 
nace is being used to study effect 
of low pressure melting on steel. 


phosphorus and sulphur content of 0.010 per cent. 
Subsequent investigations refined the process to pro- 
duce steel castings with a reduced sulphur content 
of 0.005 percent and the phosphorus content remain- 
ing at the 0.010 percent level. 

The desulphurizing studies carried out by Dunn 
and Colling have centered around a 500-lb_basic- 
induction furnace. Their general practice was the 
standard procedure (described later) followed by in- 
creased deoxidation and inoculation techniques. This 
melting practice produces cast steels having an aver- 
age phosphorus content of 0.015 percent maximum 
and sulphur contents as low as 0.002 percent. 


Vacuum Melting 


The 500-lb basic-induction vacuum furnace illus- 
trated in Fig. 3 is being utilized to study the effect of 
low pressure melting and casting environments on the 
chemical and physical properties of cast steels. Melt- 
ing practice used is similar to the atmospheric basic- 
induction melting practice except that volatile metals 
are not added until the end of the melting cycle. 
This equipment is capable of melting and casting 
at an absolute pressure of one micron (approximately 
1 millionth of an atmosphere). This vacuum is at- 
tained within 16 minutes after turning on the pumps 
in the vacuum chamber (initially at atmospheric 
pressure). 


Improved Physical Properties 

These recent advances in steel melting practices 
at the Watertown Arsenal have produced significant 
improvements in the ductility and toughness of cast 
low alloy steels while maintaining constant strength 
levels. 

Figure 4 illustrates the effect of phosphorus and 
sulphur contents on the physical properties of sev- 
eral high nickel 4325 steel castings produced by acid- 
induction and basic-electric air melting processes. 
They were subjected to the same heat treatments 
and physically tested in accordance with Military 
Specification, MIL-S-10029. Mechanical properties 
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WATERTOWN ARSENAL ROOMAN LABORATORY 


FIGURE 4: EFFECT OF PHOSPHORUS AND SULPHUR CONTENT ON THE 
PHYSICAL PROPERTIES OF HIGH NICKEL 4325 STEEL CASTINGS 





are compared with the minimum Ordnance require- 
ments for these castings at the same strength level 
(132,000 psi). Comparison shows that the acid-in- 
duction cast steel having 0.016 percent phosphorus 
and 0.018 percent sulphur exhibits elongation, reduc- 
tion-in-area and impact properties which are 71.0, 
126.5 and 41.5 percent greater, respectively. 

Also the basic-electric cast steel having 0.008 per- 
cent phosphorus and 0.009 percent sulphur shows 
even further increases in the same physical proper- 
ties of 93.0, 164.5 and 51.5 percent, respectively. Thus, 
both melting practices produced 4325 steel castings 
whose ductility and toughness were far above the 
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WATERTOWN ARSENAL RODMAN LABORATORY 


FIGURE S: EFFECT OF PHOSPHORUS AND SULPHUR CONTENT 
ON THE PHYSICAL PROPERTIES OF 4340 STEEL CASTINGS. 


minimum Ordnance requirements. The basic-electric 
castings having the least phosphorus and sulphur con- 
tents exhibit the best physical properties at 132,000 
psi tensile strength level. 

Figure 5 makes the same comparison as Fig. 4 
except 4330 steel castings were used. Mechanical 
properties of these castings were also compared to 
the minimum Ordnance requirements for these cast- 
ings at the same strength level (157,000 psi). The 
acid-induction cast steel having 0.013 percent phos- 
phorus and 0.025 percent sulphur exhibited elonga- 
tion, reduction-in-area and impact properties which 
were 51.3, 95.0 and 12.0 percent greater, respectively. 


BASIC ELECTRIC METAL PRACTICES 


The operating procedure established 5. Oxidation 


commenced 


with a con- ten steel. 


for 
and 


producing high quality, low sulfur 
phosphorus basic-electric cast steel 


was as follows: 


L. 


The charge consisted of 12,000 Ib 
of scrap. 400 lb of limestone and 50 
Ib of calcined coke. Amount of coke 
varied according to percent carbon in 
the scrap. A meltdown carbon of ap- 
proximately 0.8 percent was desired. 
The limestone and coke were loaded 
into the furnace after the bottom 
was lined with a thin layer of scrap 
and the remaining scrap was added. 


2. Meltdown of the charge was initiated. 
3. A 20-minute waiting period followed 


the meltdown during which the bath 
was rabbed several times with the aid 
of a steel skimmer. A bath tempera- 
ture of 2850 to 2950 F was main- 
tained. 


. Metal test specimen “A” was taken 


4a 


and analyzed for carbon, manganese, 
silicon, chromium, molybdenum, 
nickel, sulphur and phosphorus. 


* modern castings 


trolled addition of 480 lb of dry 
iron ore and 200 Ib of limestone, 
premixed together and added over 
a 45 minute period. 


3. One hour after the start of the ore 


addition, the slag (meltdown slag 
plus oxidizing slag) was removed 
through the slag door with the aid 
of steel skimmers. During this peri- 
od the phosphorus in the steel oxi- 
dized and reacted with the slag to 
produce calcium phosphate which 
was removed during designing. 


. After the first slag-off, metal test 


specimen “B” was taken for carbon, 
sulfur and phosphorus analyses. 


. The wash slag consisting of 180 Ib 


of limestone and 42 Ib of dry flour- 
spar was added to the clean steel 
bath. This slag absorbed any excess 
phosphates remaining after the oxi- 
dizing slag had been removed. Also 
it minimized the possibility of phos- 
phorus reverting back into the mol- 


. Thirty minutes later the wash slag 


was removed. The steel bath was 

rabbled several times during the 

wash period to intermix the slag and 
metal. 

After the second slag-off, the reduc- 

ing slag was added in the following 

sequence: 

a. First 90 lb of ferrosilicon; 60 Ib 
of ferromanganese and 10 Ib of 
carbonite were added. 

. Upon complete solution of the 
components added in “a”, the 
premixed slag, consisting of 360 
Ib of limestone, 60 Ib of dry 
flourspar and 15 lb of fine ferro- 
silicon, was added. 

When this slag became molten, 
powdered coke amounting to 30 
Ib in total was added to the slag 
at various intervals and_ inter- 
mixed with the slag by rabbling 
the bath. This practice aids the 
formation ¢{ calcium carbide for 
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FIGURE 6: EFFECT OF MELTING ENVIRONMENT, AND PHOSPHORUS AND SULPHUR CONTENTS ON THE DUCTILITY 
AND TOUGHNESS OF HIGH STRENGTH STEEL CASTINGS 





stimulated additional investigations of air melting 


The basic-electric cast steel having 0.010 percent 
practices in both the basic-electric and basic-induc- 


phosphorus and 0.009 percent sulphur showed fur- 


ther increases in the same physical properties of 70.0, 
137.5 and 142.7 percent, respectively. Both melting 
practices thus yielded 4330 steel castings having phys- 
ical properties far superior to the minimum Ord- 
nance requirements. Again the reduced phosphorus 
and sulphur basic-electric castings exhibited the best 
ductility and toughness at this 157,000 psi tensile 
strength level. 


Further Desulphurization 


The superior ductility and toughness properties 





favorable desulphurization. Ferro-alloy 
. Varying amounts of limestone, 
flourspar, ferrosilicon and coke 

were added at intervals to prop- 

erly shape up the slag. The 

bath was rabbled several times 

and the bath temperature was 

held between 2900 and 2950 F. 
During this period, the sulphur in the 
steel reacted with the slag to produce 
calcium sulphide which remained in the 
slag if a high basicity was maintained. 
11. After the reducing slag had devel- 
oped, metal test specimen “C” was 


were made 


pour ladle. 


deoxidation. 


cast 


additions of 
and silicon, based on metal test “C”, 
and 
heated to the tapping temperature. 
. The final metal test specimen “D” 
was taken for a complete analysis. 
The heat was tapped into a bottom 


3. One-tenth of one percent aluminum 
was added to the ladle during the 
tapping operation to assure maximum 


. The various steels produced were 
into numerous Ordnance com- 


tion furnaces. Work was concentrated primarily on 
further desulphurization of high strength 4340 steels. 
Initial results in the current basic-electric studies 
shows that a sulphur level of 0.005 percent has been 
attained thus far. E. Dunn and D. Colling have con- 
tinually reduced the sulphur level of their basic-in- 
duction cast steel to 0.002 percent. Both practices 
employ: 1) a highly basic slag; 2) thoroughly deoxi- 
dized steel bath; and 3) inoculation of the metal 
with a calcium-based alloy. All the results will be 
reported in the literature soon. 


Extra bar stock was added as the 
melting proceeded. 

3. At complete meltdown, FeMo was 
added. 

. Pig iron was added (3 minute boil). 
FeCr was added (2 minute boil). 

3. Power was then turned off and the 
slag removed. 

. Power turned on, the FeMn 
and FeSi additions were made, and 
the molten steel was heated to the 
tapping temperature. 

. The metal test specimen was then 
taken for a complete analysis and 
the heat was tapped into ladle. 


manganese 


the molten steel 


was 


taken for a complete chemical anal- 
ysis (same as step 4). 
Upon receipt of the analysis of metal 


ponents. 


. Castings were processed and evalu- 


ated for their chemical and physical 


. One-tenth of one percent aluminum 


was added to the ladle during tap- 


ping operations to assure maximum 
deoxidation. 

. The various steels produced were 
cast into numerous Ordnance com- 
ponents. 

Castings were processed and evalu- 


test specimen “C”, the appropriate properties. 
nickel, chromium, molybdenum and 
carbon additions were made in the 
form of ferro-alloys. 

3. After complete solution of these al- 


loy additions, the power input was 


BASIC-INDUCTION MELTING PRACTICE‘?) 10 
The operating procedure for produc- 

ing basic-induction cast steel follows: 

1. The charge consisting of scrap, bar 11. 


raised to bring the bath up to the 
desired pouring temperature. 


stock and nickel was loaded into the 
furnace and meltdown commenced. 


ated for their chemical and physical 
properties. 
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Preliminary chemical and physical characteristics 
of vacuum induction cast steels indicate a great deal 
of promise for further improving the ductility and 
toughness of high strength steel castings. The asset 
that vacuum melting can contribute to the steel cast- 
ing industry is environmental control of melting and 
casting conditions, such as: 1) humidity = a con- 
stant; 2) absolute pressure of the environment = a 
constant; and 3) concentration of gases such as hydro- 
gen, oxygen and nitrogen minimized and removed 
from the liquid steel. 

These factors will aid the operating metallurgist 
to predict and reproduce the exact physical and 
chemical properties of cast steel components with a 
minimum percentage of rejected castings in any pro- 
duction process. 

The progress achieved thus far in improving the 
ductility and toughness of high strength steel castings 
through the use of the various Rodman Laboratory 
melting practices is summarized in Fig. 6. Compared 
therein are the physical properties of five 4340 type 
steel castings processed in basic-induction and basic- 
electric air melting furnaces and in the basic-induc- 
tion vacuum melting furnace. You will note that, 
while retaining a constant high tensile strength level 
of 270,000 psi, steady improvement in physical prop- 
erties result with phosphorus and sulphur removal 
and maximum ductility and toughness are achieved 
through vacuum-melted and cast steels. 

Comparison of the basic-induction, air-melted steel 
casting (0.017 percent phosphorus and 0.022 percent 
sulphur) to the basic-induction, vacuum-melted cast 
steel (0.010 percent phosphorus and 0.014 percent 
sulphur) to the basic-induction, vacuum-melted cast 
duction-in-area and impact properties of 66.7, 91.3 
and 76.0 percent, respectively, while maintaining a 
relatively constant high tensile strength level. 


CONCLUSIONS 


The work completed and currently under way at 
the Rodman Laboratory has: 1) clarified the neces- 
sity of minimizing phosphorus and sulphur contents 
in cast low-alloy steels to maximize ductility and 
toughness at low, medium and high strength levels; 
and, 2) has indicated that a further significant im- 
provement in these cast steels’ ductility and tough- 
ness may result through the use of vacuum melting 
and casting techniques.s = = 
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HERE'S HOW | 


Here’s How . . . metalcastings are doing a 
better job . . . foundries are solving pro- 
duction problems . . . new products are re- 
solving in-plant headaches. If you have an 
appropriate contribution for this department, 
send it to the Editor of Modern Castings. 


. .» Republic Aviation Corp., Farmingdale, N. Y., uses 
an ultrasonic resonance gage to check core shifts in 
castings. The gage, made by Branson Instruments, 
Inc., Stamford, Conn., is used to check a +0.030-in. 
allowable core shift in this complex magnesium 
canopy casting for the F-105 Thunderchief, a new 
fighter-bomber. 

Casting wall thickness readings are instantaneous 
and accurate to within 0.1 to 1 per cent. Inspector 
merely slides probe over casting surface and reads 
varying wall thickness on a direct reading scale. For 
more information about this device, circle no. 228, 
Literature Request Card. 


. . » Gray iron is meeting the challenge of aluminum 
castings in the automotive industry. The 1960 com- 
pact automobiles are a tribute to automotive engi- 
neering ingenuity. Metal castings have played a big 
part in the success story of these trim little models. 
The new Ford Falcon is Ford Motor Company’s 
lightweight economy entry. 

Here are several pictures showing how shell cores 
are used in producing the Falcon six cylinder in line 
gray iron block. The block is only 28 inches long and 
is being produced at the Ford Cleveland Foundry. 





ELE RLS LOGE SE ONT ES LIE ET OEE SELLE ET I 


Green sand molds and shell cores are used through- 
out, with the exception of oil sand jacket and tappet 
housing cores. 

Figure 1 shows the crankcase core after it has been 
blown and cured in a shell core blowing machine. 
A six-piece box is used, two vertical drawback pieces, 
the other four pieces split vertically and the core box 
shown has been swung open with core still attached 
to one side of box. Note two cylinder barrel cores 
extending upward and two downward. 

When three of these cores are placed horizontally 
in a green sand mold, Fig. 2, they provide coring for 
two blocks. Two blocks are cast in one mold, attached 
like siamese twins. At shakeout a sharp blow with a 
hammer breaks the web of metal holding the two 
blocks together and away they go to cleaning. The 
cleaning room turns out the casting masterpiece dis- 
played in Fig. 3, now ready for machining and as- 
sembly. 


. .. Ford Motor Co. uses aluminum 
die castings in their automobiles. 
This impressive array, 58 die cast- 
ings in all, is representative of the 
variety cast at the new Ford hot 
metal die casting plant in Sheffield, 
Ala. Molten aluminum is delivered 


from the Metals Co. 


Reynolds 
smelter next door and poured into 
the alloying furnaces at the Ford 
plant. Except for two windshield 
wiper housings, all the die cast 
parts are used in either engines or 
transmissions. 
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. . « Westinghouse Electric Corp. 
uses a big casting in the Yankee 
Atomic Electric Co. nuclear power 
plant at Rowe, Mass. This 16,000- 
lb, 304 stainless steel, cast pump 


~ 
volute will handle 23,700 gallons . 
per minute of radioactive water at f KS 
496 F and 2000 psi. ~ 


. .» The steel foundry of Cameron 
Iron Works, Inc., Houston, Texas, 
casts two halves of a press die set. 


The material used in these cast- 
ings is generally a modified 4100 
series steel designed to resist heat 
checking and to harden sufficiently 
to resist brinelling or upsetting un- 
der high compressive loads. The 
steel is produced in basic electric 
furnaces under the same conditions 
and controls by which Cameron 


produces their high quality forging 
steels. 


Cameron installed their captive 
foundry in the summer of 1958 
with the production of press dies 
as the primary objective. Since that 
time a wide variety of die parts has 
been produced varying in weight 
from 8000 to 40,000 Ib net. 


Mr. J. P. Solomon, (pictured 
above with the castings) has been 
in charge of the Cameron Foundry 
since its inception. He has devel- 
oped molding techniques and sand 
formulas which maintain excep- 
tional dimensional stability and 
produce superior surface finish. 


The consistent production of 
castings with these qualities has 
allowed Cameron to eliminate a 
great deal of time consuming ma- 
chining in the production of fin- 
ished die sets. It is standard prac- 
tice to machine only the top and 
bottom faces and such areas that 
guide moving parts. The cavity is 
touched up by hand grinding 
which is usually sufficient for the 
production of most forgings. 
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Plastics for 


CSomeerurestion 
RA odification 
and Repair of 


Patterns 


The Weil-McLain Co. has derived many benefits 

from the use of epoxy resin plastics for the con- 
struction, modification and repair of pattern equip- 
ment in its gray iron foundry operations. Properly 
selected and applied, these new materials perform on 
a par with cast aluminum. The man-hour and pro- 
duction cost savings are motivating a daily increase 
in use of these new materials. The excellent parting 
quality of plastic pattern and core-box equipment 
from sand provides both production cost savings and 
end-product quality improvement. 

Plastic compounds are available now for almost 
every special purpose. The patternmaker can select 
from these special materials as required or use the 
new more simplified multipurpose compounds. These 
simplified multipurpose compounds enable you to han- 
dle a great variety of jobs with a small amount of 
material stock. 

Weil-McLain utilizes plastics on old metal equip- 
ment for modification and repair and combines metal 


by Tuomas S. JOHNSTON 
Weil-McLain Co., 
Michigan City, Ind. 


with plastics in the construction of new equipment. 
In either case, plastic is a great time and money 
saver in producing complex contours. 
Heavy Duty Service 

The laminated plastic pattern shown in Fig. 1 has 
been in continuous service for thee years. This pattern 
has made over 15,000 molds, has been jolted over 
900,000 times in a 6000-lb jolt-squeeze machine and 
is still in excellent condition. The history of this 
pattern is quite typical of what can be expected 
from properly designed and constructed plastic pat- 
terns. Note the surface detail in Fig. 2, a close-up of 
this same pattern. The ability to make a direct sur- 
face transfer from original to duplicate in a few 
hours is the key to economy of plastics for pattern 
fabrication. 

The combination cope and drag boiler section pat- 
tern shown in Fig. 3 is an interesting comparison of 
all-plastic vs. aluminum, plus the use of plastic to 





modify metal equipment. The plastic half, on the 
right, was produced in four days’ time. The aluminum 
half, on the left, was modified with plastics (note 
white area) in thickness varying from 1/32-in. to 
feather edge. 

This equipment has been in continuous service for 
over two years, has been jolted over 1,300,000 times 
in machine molding and has produced over 20,000 
molds. Again, note the detail or projections which 
are 5/16-in. diameter x 1/2-in. high—a total of 266 
per pattern half. Repairs or modifications of this na- 
ture can be made in a few hours’ time (overnight in 
some cases) and the equipment returned to full and 


regular dependable service. 
New Equipment Construction 

In construction of new equipment, the low mate- 
rial cost of metal in straight sections is combined 
with low labor cost features of plastic on complex 
contours. Figures 4, 5 and 6 illustrate this point. In 
Fig. 4 you see a complete core box assembly ready 
for the core machine. Figure 5 illustrates the liberal 
use of steel facings, aluminum stays and aluminum 
core prints. 

Figure 6 is the back view of these core boxes. The 
aluminum ribs were cast separately, then partially en- 
cased or laminated into the laminated plastic section 
of the box. Steel framework was used for mounting 
this equipment in a rollover machine. This unit meas- 
ures 50 in. x 85 in. x 10 in. overall. It has now been 
in use one year and produced approximately 900 
cores, 

Plastic core boxes enjoy an additional value because 
the cores strip more easily from them than metal or 
wood boxes. Consequently, core repairs are held down 
to a minimum. 

At Weil-McLain the plastic and fiberglass contact 
lay-up technique is generally used for constructing 
plastic pattern sections. This practice is necessitated 
by the huge size of our equipment and the need to 
reduce weight wherever possible. Small sections are 
frequently cast or faired-in wherever this technique 
is advisable. 

Figure 7 shows the drag half of a plastic pattern 
which is the largest we have made to date. This 
pattern is 38 in. x 48 in. x 6 in. and is used in con- 
junction with the core boxes described above. Figure 
8, same pattern, illustrates the type of rib projec- 
tions that can be made with plastic. This pattern 
has now been in use for one year and has produced 
approximately 900 molds. 
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Repairing With Plastic 


Figure 9 further illustrates what can be done with 
plastics to modify or repair equipment. Cores from 
this box had been rubbed to size for 15 years because 
time and expense of modifying the core box with 
metal would have been prohibitive. This box was sal- 
vaged with plastic faired-in where needed (feather 
edged in spots) and production costs of the core were 
reduced 25 per cent. In this case plastic was brush 
coated in place and fiberglass cloth added in low 
spots. 

Whenever bonding plastic to any surface, it is ex- 
tremely important to thoroughly clean that surface. 
Clean, dry grit sandblasting is best. Figures 10 and 
11 are additional examples of pattern and core-box 
modification with plastic (white areas). The patterns 
in this case were modified in 10 hours without re- 
moving them from the plate. Alteration by conven- 
tional methods would take 30 hours to complete. And 
then we would have to make sample castings to 
prove the match between cope and drag. 

Figures 12, 13 and 14 illustrate repairs (white sec- 
tions marked with arrow) and modifications of match 
plates with plastic. These repairs or modifications 
are a routine procedure at Weil-McLain. In most cases 
they can be done on an overnight basis. Many times 
we will cement a broken section of metal equipment 
with plastics so production can proceed while making 
a replacement. 


Materials Needed 

Needless to say, we are quite plastic minded at 
Weil-McLain, because we are aware of its time, 
weight and over-all cost-saving features. A smal] stock 
of plastic compounds, as shown in Fig. 15, is ample 
to meet all the requirements discussed above. This 
small compact stock has enough material to make 
several major equipment modifications or even a new 
large pattern. In fact, this stock of plastic compounds 
permits sizable inventory reductions in cold-rolled 
steel, brass and aluminum sheet at an additional sav- 
ing. 

Proper proportioning and mixing of resin and hard- 
ener compounds is simple yet most often the cause 
of poor results. The dispenser shown in Fig. 16 is 
worth many times its cost in controlling proportions 
and eliminating wasted materials. This dispenser does 
away with the tedious job of weighing materials, fa- 
cilitates quick blending and mixing and enables you 
to purchase material in bulk at a lower cost per 
pound. see 
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by J. Genin Syivia® 
Wentworth Institute, 
Boston, Mass. 


Yankee ingenuity . . . solves 


problem of pouring 


if New products in a foundry are many times the out- 


growth of a need that must be met quickly with 
inadequate facilities by resorting to Yankee ingenuity. 
A striking example of such a situation occurred not 
too long ago in the H-B Foundry, Div. of Hathaway 
Machinery Co., Fairhaven, Mass. 

Normally a producer of non-ferrous castings for 
the marine industry, they were asked to develop a 
method to produce two seven-ton lead keels for two 
55-ft yachts being built at the Morse Boat Yard, 
Thomaston, Maine. As far as could be learned, this 
had not been done before in any of the small found- 
ries of the northeast area. 

Old timers may remember when keels were cast 
by making a rough pit mold in an open area of the 
shipyard. Then scrap lead was melted in a large 
pot similar to a “try pot” of the whaling days. Plenty 
of logs were fed underneath to a briskly burning 
wood fire. A trough led from the bottom of the pot 
to the mold close by to carry the metal when it 
could be tapped—generally a one-shot operation. 

H-B Foundry’s more modern equipment provided 
a maximum melting capacity of only 850 lb of bronze 
from three gas-fired crucible furnaces—far short of 
the 14,000 Ib of lead needed for the 55-ft yachts. 

How would you tackle this problem? Here is how 
H-B Foundry handled it: 


Molding 
Besides the problems of melting there were a few 
molding complications to solve first. The finished 


casting was 25 ft long, 18 in. at its deepest point 
and approximately 20 in. at its widest section. 
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14,000-pound lead keel 


In preparation for the mold, an open flask 27 ft 
long and 30 in. wide and deep was fabricated from 
steel. Later, to save dollars, this flask was cut and 
ends bolted on to produce a 20-ft and a 7-ft flask. 
These were used for the molding of smaller keels but 
could still be bolted back together to make the long 
flask when needed. 

The sand used was a No. 1 Albany of about 110 
AFS fineness. To this about one per cent sea coal 
and five per cent moisture were added. The sand was 
put through an aerater before using. Sand was first 
rammed into the bottom of the flask to make a place 
to bed-in the pattern. Pattern and flask were kept 
level while sand was air-rammed up to the top of 
flask. The pattern was drawn from the mold by 
two chain falls placed out near the ends of the pat- 
tern. 

One of the two keel molds was coated with plum- 
bago and slicked by hand. The other mold was 
sprayed with plumbago suspended in a volatile me- 
dium which was burned off to give a skin-dried mold. 
The dry plumbago mold coating rather than the skin- 
dried one stood up best under continued heat of 
the lead. Also the dry coated mold could be patched 
if needed. Other facings were tried. For simplicity 
with good as-cast surface and no metal penetration, 
dry plumbago slicked by hand was the best. 

To cast bolting holes in the keel, lengths of hard 
copper tubing were placed into the molding sand 
at the bottom of the mold for about 3 in. The tubing 


*Formerly with H-B Foundry, Div. of Hathaway Machinery Co., Fair- 
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projected above the top of the mold for about 3 in. 

Angle irons with holes drilled to slip over the tub- 
ing were clamped at the edges of the flask to hold 
the tubes in their proper location. The tubes were 
left empty rather than packed with sand. Tests had 
shown that sand would fuse together with so much 
prolonged heat in the mold. Then cleaning out the 
tubes would have been a troublesome operation. 

In later keels counterbored bolting holes were cast 
in by using two different sized copper tubing brazed 
together by means of the proper diameters of a 
bronze washer. When the fastening bolts were to be 
stainless steel, stainless steel tubing was used. Dis- 
similar metals were avoided to reduce corrosive elec- 
trolysis. 

Melting 14,000 Ib 

The metal used in making the keels has been sec- 
ondary lead without too much concern over impuri- 
ties. Scrap lead is never used because of the smoke 
and fumes accompanying its melting and pouring. 
The lead is furnished in 30-Ib pigs for ease in han- 
dling at the furnace. Crucibles used are kept for 
lead melting only to avoid contamination in other 
metals. 

To melt down and pour metal for a 14,000-Ib lead 
keel, a nearly continuous pouring operation was es- 
tablished. Figure 1 shows three furnaces being used 
for melting. One holds a No. 70 crucible and the 
other two No. 90 crucibles. Thin-wall crucibles 
enabled a little more metal to be melted in each 
melting cycle. 

As soon as the lead in one pot was melted it was 
pulled from the furnace and poured. The crucible 
was immediately set back into the furnace and 
charged again. The second and third pot followed 
the same procedure in quick succession. By the time 
the third crucible was poured the first one was ready 
again. And so the cycle continued until all the metal 
was poured into the mold. Figure 2 shows pouring 
of lead through a core strainer pouring box placed 
across the top of one end of mold. 


Pouring 

It was extremely important to heat the mold and 
keep the lead molten everywhere in the mold, es- 
pecially at the sides. While lead was slowly filling 
the mold, two men with large-tipped gas torches 
kept heat constantly on the molten metal—never al- 
lowing it to cool. The torches were constantly mov- 
ing all over the mold, working from the outside to- 
ward the middle. This action kept the metal molten 
out to the sides. Consequently a smooth finish with 
no seams, cracks or ripples was obtained. 

On the two 14,000-Ib keels two torches were need- 
ed to keep the metal liquid due to the 25-ft length. 
On smaller keel castings, including several 12,000 
pounders which were 17 ft long, one torch was enough 
to keep the lead molten in the mold. 

About three hours later, after the lead had solidified, 
a torch was applied to the shrinkage area on top- 
side center. The metal in this localized sink area 
was made molten. Additional metal was then melted 
down with the torch to fill this contracted area until 
the top of the keel was level. Sometimes this leveling 
operation required remelting the entire top of the 


Fig. 1 . . . Overhead view of the 
foundry shows the three crucible 
furnaces used to melt lead. 


keel. The largest pulled-down shrink area was always 
over the largest cross section of the casting. On the 
larger castings the leveling operation would take place 
the next day when the metal was nearer room tem- 
perature. 

The castings were so smooth coming from the sand 
mold when broken out the day after pouring that 
only some top surface oxides required remeval. Bhis 
condition is reduced to a minimum by skimming metal 
just before it solidifies. A 


More Orders 


This new product, mothered by necessity, served 
to advertise the company’s resourcefulness. And soon 
it was in the business of producing many different 
sizes, shapes and weights of lead keels for yachts. 


vs 


Fig. 2 . . . Lead is poured through 
strainer core into mold for the 
14,000-Ib sailboat keel. 
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Orders were usually for one keel from a pattern. 
But then a local boat builder designed a 45-ft sailing 
craft made of fiberglas. He ordered 12 keels 8-ft 
long, 24 in. wide, 18 in. deep and weighing 5600 Ib 
each. In due time these were cast and delivered. 

These keels were cast with a slot 1-1/4 in. wide 
and 6 ft long. A 1-1/4 in. steel plate coated with 
graphite and oil served as a core. The steel plate 
was easily lifted out of the lead keel with a chain 
fall later when the casting was taken out of the sand. 
Casting with steel plate core in position is shown un- 
der sailboat on page 52. 

Three keels, weighing 12,000 Ib each, were rab- 
beted on the top edge. This design required the use 
of COz cores made in the mold against the pattern. 
The cores were withdrawn to enable the pattern 
to be drawn and then placed back in their proper 
places in the mold. Without the use of CO, these 
keels probably could not have been made. 

Patterns of keels are also made at the Hathaway 
Machinery Co. Figure 3 shows the patternmaker put- 


Fig. 3. . . First step in making a 
lead keel starts in the pattern shop. 
This is the pattern for the keel with 
rabbeted edges. Notched section 
meets stem of boat. 


ting the finishing touches on the pattern for the keel 
with the rabbeted edges. The pattern is upside down 
and shows the notched section at the forward end 
to meet the stem of the boat. 


In Conclusion 


You may ask: why not rig up a method for one- 
shot melting and pouring rather than this continuous 
pouring method? The answer: In a long, open mold, 
the metal is going to chill as it flows down the mold, 
resulting in folds and creases in the sides. Pouring 
this type of a mold is far different from pouring a 
closed mold with runners and head pressure to think 
about. 

Although a keel is under water from the time a 
boat is launched, a true yachtsman takes great pride 
in everything on a boat looking perfect. The men 
making these castings take an equal pride in their 
work which justifies the praises that have been given 
the keel castings coming out of the H-B Foundry. 
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CASTINGS CONGRESS 


@ The technical articles appearing in 
this preview section of MODERN CAST- 
INGS are the official 1960 AFS Castings 
Congress papers — the most authorita- 
tive technical information available to 
the metalcasting industry. 

Nearly 100 technical papers are 
scheduled for presentation at the 64th 
Castings Congress of the American 
Foundrymen’s Society at Philadelphia, 
May 9-13, 1960. About 50 papers will 
be pre-printed here prior to the Con- 
gress. 


@ Written discussion of these papers is 
welcomed and will be included in the 
publication of the 1960 bound volume of 
AFS TRANSACTIONS. Discussions should 
be submitted to the Technical Director, 
American Foundrymen’s Society, Golf and 
Wolf Roads, Des Plaines, Ill. 


@ Readers planning to participate in 
oral discussion of these papers during 
the 64th Castings Congress are advised 
to bring them to the technical sessions 
for ready reference. 


NOW AVAILABLE: 


The new case-bound Volume 67, 1959 
AFS TRANSACTIONS. Contains techni- 
cal papers presented at the 1959 AFS 
Castings Congress, discussions of pa- 
pers, Annual Reports, and Minutes of 
Board of Directors Meetings. 808 pp. 
Price: $10.00 (members); $15.00 (non- 
members). Address orders to: Book 
Department, American Foundrymen’s 
Society, Golf and Wolf Roads, Des 
Plaines, Ill. 





FORMATION OF DISPERSIONS 
IN MOLTEN COPPER BY 
MECHANICAL MIXING 


ABSTRACT 


The feasibility of forming dispersion hardened 
copper-base alloys by adding the dispersion phase to 
molten copper just before casting has been studied. The 
importance of wettability in the successful application 
of this process is discussed, and results from a simple 
laboratory wettability test procedure are presented. 
Based on these results, molybdenum and tungsten car- 
bide were selected as suitable dispersion materials in 
copper alloys prepared in this manner. Molybdenum 
was successfully dispersed in a copper-aluminum alloy, 
but tungsten carbide could not be maintained in molten 
copper, apparently as a result of a strong tendency 
toward agglomeration. 


INTRODUCTION 

Dispersion hardening is an attractive alloying pro- 
cedure for copper and copper-base alloys since 
strengthening can be obtained with relatively small 
losses in matrix physical properties, such as thermal 
or electrical conductivity. Powder metallurgy studies, 
in which Al,O, and SiO, were selected as the dis- 
persed phase, have demonstrated that a uniform dis- 
persion of fine particles in copper will result in signi- 
ficant improvement in tensile and stress-rupture prop- 
erties. ! 

Powder metallurgy processing would not be feasible 
for large scale low-cost production of copper-base al- 
loys. Therefore, methods of preparing dispersion hard- 
ened copper by other methods are of interest. Of the 
several methods which might be envisioned, prepara- 
tion of dispersion hardened alloys by mixing a finely 
divided solid phase into molten copper just prior to 
casting appeared to be the most versatile process, since 
it should be applicable to a number of different dis- 
persion materials and matrix copper alloy composi- 
tions. 

Theoretical considerations indicate that at least 
three factors would be important in the application of 
mechanical mixing of dispersed solid phases in molten 
copper and copper alloys: 


1) The dispersion material must have negligible solu- 
bility in copper, both in the solid state and the 
molten state to at least 100C (212 F) above the 
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melting temperature. The material must also have 
a melting temperature at least 100 C (212 F) above 
that of copper. 

2) Some wettability of the material by molten copper 
must be present or must be induced by special pre- 
treatment to permit the dispersion material to 
enter into the molten copper. 

3) The settling or rising rates of the dispersion ma- 
terial in molten copper must be sufficiently low so 
that the alloy can be cast before separation. 


Many materials satisfy condition (1), including not 
only the common oxides, carbides, borides and ni- 
trides, but several pure metals or intermetallic com- 
pounds as well. Moreover, calculations based on 
Stokes law indicated that materials as widely different 
in density as Al,O, and WC would have negligible 
separation rates if a nonagglomerated solid phase with 
a particle size approaching one micron was present in 
molten copper. 

Thus, it appeared that the principal problem relat- 
ing to a successful development of the process would 
be the selection of materials which are wet by molten 
copper or copper-base alloys. 


WETTABILITY STUDIES 


Data in the literature relative to the wettability of 
various materials by molten copper are not extensive. 
It has been reported that liquid metals do not wet 
oxides unless a chemical reaction of some sort occurs. 2 
Reaction would not be desirable for dispersion-type 
alloys. However, carbides showed a greater tendency 
toward wettability than oxides. 

Studies showed TaC, VC and WC to be wet to 
varying extents by copper at 1100 to 1200 C (2012 to 
2160 F) in vacuum.? Any oxidation of the carbide 
surfaces reduced wettability appreciably. The excellent 
wettability of WC has been confirmed in other studies, 
which showed pure tungsten to be easily wet by molten 
copper in either vacuum or hydrogen atmosphere. 

In order to confirm the information summarized 
above, as well as to examine the wettability of other 
materials for which no prior data are available, a 
simple laboratory wetting test was devised. This test 
consisted of melting a small amount of copper under 
a hydrogen atmosphere on a surface composed of 
finely divided particles of the proposed dispersion 
material. An unmelted copper bar was placed on a 
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AlsOxz, before test. 


AlvOs, after test (nonwettable). 


WC, after test (wettable). 


Fig. 1— Wettability test sample before and after test. 1 X. 


loose pile of powdered dispersion material contained 
in an Alundum boat, and the boat was placed in a 
furnace at temperature to conduct the test. 

The tendency of the copper to flow over and in- 
filtrated the surface was taken as a measure of wet- 
tability. If extensive flow occurred, the copper was 
sectioned after solidification to determine that wetting 
and not chemical reaction had occurred, A photograph 
of a typical wetting test is shown in Fig. 1. Also shown 
in Fig. | are examples of the test as applied to either 
a nonwetted (Al,O3) or a wetted (WC) powder 
sample. The appearance of a section taken through 
the WC test sample is shown in Fig. 2. It is seen that 


TABLE 1— WETTABILITY OF VARIOUS MATERIALS 
IN A HYDROGEN ATMOSPHERE BY COPPER 
AT 1100C (2012 F) 





Wettable Nonwettable 


WC AlpO3 BaO 
Mo,C MgO Bentonite 
Cr2Cz SiO» ZrC 

Ww SrO SiC 

Mo 
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copper has completely infiltrated the powder, and that 
no reaction is apparent. 


Laporatory Test Results 


A summary of the results of the laboratory wetting 
tests is shown in Table 1. All of these tests were con- 
ducted in a furnace at 1100 C (2012 F) under a hy- 
drogen atmosphere. The Alundum boat was removed 
from the furnace as soon as the metal became com- 
pletely molten. 

Because of the tendency of molten copper to 
absorb hydrogen, large scale direct mixing of the 
wetted materials under a hydrogen atmosphere would 
not be practical. Therefore, the five wetted materials 
were re-examined using alternate atmospheres. The 
results of these studies are shown in Table 2. The 
metals were easily wet in a carbon monoxide at- 
mosphere, while the carbides were not. In forming 
gas, on the other hand, the carbides were more 
easily wet than the metals. Neither material was wet 
especially well in nitrogen or argon. 

On the basis of the wetting studies, two dispersion 
materials — tungsten carbide and molybdenum — were 
selected for further studies in which an attempt was 


Fig. 2 — Section through a wetting test sample 
of copper and tungsten carbide. 250 . 





made to prepare dispersion hardened alloys by direct 
mixing procedures. 


MELTING AND CASTING PROCEDURES 


Eight lb melts were prepared using high-purity 
copper (99.9 per cent), 0.4 to 0.8 micron WC powder 
or 1.5 micron Mo powder. The melts were prepared 
by induction melting in clay graphite or silicon car- 
bide crucibles. The copper was melted under charcoal, 
the charcoal removed to permit hydrogen to burn off 
and then replaced to deoxide the melt. Just before 
addition of the dispersion material, the charcoal was 
removed a second time and an addition of phosphorus 
made. After addition of the dispersion material, the 
melt was cast into a graphite mold from about 1125 C 
(2057 F). The Brinell hardness of unalloyed copper 
cast using this procedure varied from 34 to 52 (500 
kg load). 


TABLE 2— WETTABILITY OF SELECTED 
MATERIALS IN ATMOSPHERES OTHER 
THAN HYDROGEN BY COPPER 
AT 1100C (2012 F) 





Relative Wettability 





Carbon 
Monoxide 


Forming 
Material Nitrogen Argon Gas* 
wc Fair Fair Good None 
Mo.C _ _ Good Fair 
CroCg — _ Fair None 
Ww —_ _ Fair Good 
Mo None None Fair Good 

*10 per cent Hy, 90 per cent No. 








The dispersion material was added to the melt in 
one of three ways: 


1) Pouring it into a vortex formed by stirring the 
melt (direct addition). 

2) Carrying it beneath the melt surface in a gas 
stream. 


3) Preparing master alloy additions with a high dis- 
persoid:copper ratio. 


Stirring of the melt during mixing was accomplished 
using a molybdenum stirring rod. This stirring rod 
held up quite well as long as deoxidation of the 
melt was relatively complete. 


COPPER:TUNGSTEN CARBIDE 
DISPERSION ALLOYS 


It was found to be difficult to disperse WC in 
molten copper, although 12 Cu: WC dispersion alloys 
were prepared in these studies, as given in Table 3. 
Alloys | through 3 were made by fastening compacted 
pellets of WC:Cu blended powders (ratios of 1:1, 1:3 
or 1:5) to the end of the stirring rod. These compacts 
were pressed at 50 tons/sq in., sintered in hydrogen at 
500 C (932 F) 1 hr and 1000 C (1832 F) for 2 hr. The 
two high WC compacts were also vacuum annealed at 
1000 C (1832 F) to remove hydrogen. 

Some WC was found in the ingot prepared using a 
pellet having a 1:5 ratio of WC to Cu, but none 
was detected in microsections of the other two ingots. 
The 1:1 pellet did not disintegrate during stirring and 
was removed intact from the melt. 
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Melts 4 through 6 in which WC was introduced 
beneath the melt surface in a carrier stream of form- 
ing gas contained small amounts of poorly dispersed 
WC, but it appeared that the majority of the addi- 
tion did not remain in the melt. Melt 7, in which the 
two components of the alloy were placed together in 
the crucible before the copper was melted, was also 
not successful. 

Three melts, 8, 9 and 10, were prepared in which 
WC was added directly into a vortex formed by 
stirring. The latter two melts were made with WC 
which had been predried for 8 hr at 110 C (230 F) to 
remove moisture. Again only small amounts of poorly 
distributed WC were found in the ingots after solidi- 
fication. 

Two final attempts to add WC to copper were made 
by first alloying the copper with one weight per cent 
nickel or 0.5 weight per cent sulfur, which are re- 
ported to improve wettability or reduce surface ten- 
sion.2:4 These ingots also showed only minor reten- 
tion of WC. 


TABLE 3— TUNGSTEN CARBIDE ADDITION 
TO MOLTEN COPPER 


Intended Brinell 
composi - hardness, 
tion, as-cast 
Melt Method of vol., Melt (500 kg 
no. addition % atmosphere _ load) 








Compact (1:1) 2 argon 44 
Compact (1:3) I argon 46 
Compact (1:5) 0.5 argon 44 
Gas stream (forming gas) l 
Gas stream (forming gas) l 
Gas stream (forming gas) l 


forming gas 42 
forming gas 45 
forming gas 38 


Placed on bottom of 


crucible forming gas 31 


Direct forming gas 42 
Direct (predried) forming gas 30 
Direct (predried) forming gas 42 
Direct (predried) to 
Cu-INi melt 
Direct (predried) to 
Cu-0.5S melt 


forming gas 57 


forming gas 41 





A typical example of WC in copper, such as was 
observed in most of these ingots, is shown in Fig. 3. 
This photomicrograph was made from a section of the 
ingot from Melt 11. When WC was present, it was 
usually found to be in large agglomorated masses, as 
shown in Fig. 3. This tendency toward agglomeration, 
with the resultant increased rate of settling out of the 
dispersed phase, may account for large losses of WC 
in all of these melts. 


COPPER: MOLYBDENUM 
DISPERSION ALLOYS 
Descriptions of 15 Cu:Mo dispersion alloys are 
given in Table 4. Four melts, 13 through 16, were 
prepared in which the use of master alloys was 
attempted. Two of the melts were made with sintered 
master alloys, prepared in the same manner de- 
scribed previously, including vacuum annealing. The 
other two were prepared using master alloys made 
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Fig. 3 —A cluster of tungsten carbide in copper (from 
Melt 11). 500 X. 


by infiltrating molybdenum powder with molten 
copper in a hydrogen (Melt 15) or carbon monoxide 
(Melt 16) atmosphere. These alloys contained 25 
weight per cent molybdenum (1:3 ratio of molybde- 
num to copper). 


On addition of the master alloys, a foam or froth 
was seen to form on the surface of the melt, except 
for Melt 13 where the pellet remained intact. On 
examination this foam was found to contain almost 
all of the molybdenum, which was present in clusters 


TABLE 4— MOLYBDENUM ADDITIONS 
TO MOLTEN COPPER 





Intended Brinel! 
composi - hardness, 
tion, as-cast 
Method of vol., Melt (500 kg 
addition % atmosphere _ load) 
Compact (1:1) 
Compact (1:3) 
Premelted pellet (1:3) 
Premelted pellet (1:3)° 


Gas steam, nitrogen 





argon 40 
argon 38 
carbon monoxide 45 
carbon monoxide 48 


or 


argon 46 


Direct 

Direct (predried) 
Direct (predried) 
Direct (predried) 
Direct (predried) 
Direct (predried) 


Direct (predried) to 
Cu-1Ni 
Direct (predried) to 
Cu-10Al* 
Direct (predried) to 
Cu-2Al 2 
Direct (predried) to 
Cu-l4 Al 2 carbon monoxide 
* Powder treated in hydrogen to deoxide before addition. 
» Pellet prepared under hydrogen. 
* Pellet prepared under carbon monoxide. 


argon 36 
carbon monoxide 49 
carbon monoxide 38 
carbon monoxide 50 
carbon monoxide 44 


hydrogen 43 


De eee 


carbon monoxide 59 
carbon monoxide 85 


carbon monoxide 50 
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around gas bubbles in a matrix of copper. A photo- 
micrograph of a section through the foam from Melt 
16 is shown in Fig. 4. Apparently, some reaction in 
the melt, probably oxidation of molybdenum, re- 
sulted in gas formation followed by removal of the 
molybdenum of a flotation process. Microexamina- 
tion of the cast ingots showed only small amounts of 
molybdenum to be present, and then mostly in large 
agglomerated clusters. 

Attempts to add molybdenum in a nitrogen stream, 
Melt 17, or by direct addition to a vortex in the 
melt, Melts 18 through 23 were similarly unsuccess- 
ful. Addition of 1 per cent nickel, Melt 24, also had 
no effect. Foaming was excessive in all cases except 
Melt 23, which was made under hydrogen. Although 
no foam was observed in the melt, hydrogen absorp- 
tion prevented the casting of a sound ingot. Predry- 
ing of the molybdenum powder at 110C (230 F) 
apparently had no effect on the mixing process. 


Gas Source 


The most plausible source of the gas leading to 
foaming and loss of molybdenum was MoO, from 
oxidation of the molybdenum powder. To eliminate 
any possible oxidation, Melt 25 was prepared in 
which 10 weight per cent aluminum was alloyed with 
copper to prevent oxygen from entering the melt. The 
molybdenum dispersion material was annealed in 
hydrogen and sealed in argon prior to use to elimi- 
nate surface oxide. The molybdenum was introduced 
into the melt in a vortex developed by stirring and 
appeared to remain in suspension. 

Metallographic examination of the ingot showed 
a good dispersion to have been produced, although 
some agglomeration was observed. The structure of 
this melt is shown in Fig. 5. The remaining two melts, 
26 and 27, were prepared to determine whether the 
amount of aluminum could be reduced. In both 
cases, good dispersions resulted. These alloys were 
prepared frum powders which were not reduced in 
hydrogen before addition to the melt, indicating that 
the principal source of difficulty was oxygen in the 
melt not oxide on the molybdenum. 


DISCUSSION OF RESULTS 


These studies have demonstrated the feasibility of 
forming dispersion hardened copper alloys by add- 
ing the dispersed phase as a finely divided solid to 
the copper melt prior to solidification. 

Although the optimum mixing procedure and 
method of addition have not been developed in this 
investigation, it appears that direct addition of the 
powdered dispersion phase into a vortex formed by 
a stirrer operating in the melt may be practical. How- 
ever, because of oxygen pickup in the melt, as 
evidenced by the flotation tendency of the molybde- 
num addition after phosphorus deoxidation of the 
melt, further process modification may be required. 
It can be concluded from the present study that 
appreciable oxidation of the melt occurred during 
stirring, even though a gas blanket was maintained 
over the melt at all times. However, suitable alloying 
of the copper melt can reduce this problem. 

Wetting, as anticipated, was of major importance. 





Fig. 4— Molybdenum clustering around gas 
bubbles in the foam formed on Melt 16. 250 x. 


However, it is conceivable that many intrinsically 
nonwettable materials could be introduced into cop- 
per if suitably pretreated. Such a treatment might 
aim at coating the particles with copper or a material 
easily wet by copper. This process could be applied to 
most materials of potential interest. Agglomeration of 
the particles into large clumps, with a resulting in- 
crease in the tendency for separation before casting, 
was an unexpected difficulty. Methods for reducing 
this problem may have to be devised. As shown by 
the present work, the agglomeration tendency pre- 
vented the formation of a WC dispersion in molten 
copper. 

No attempts were made in this investigation to 
develop either the optimum amount of the addi- 
tions which were examined, or to select the most 
desirable dispersed phase or matrix composition for 
dispersion-hardened copper-base alloys. This study 
was intended primarily to demonstrate the feasibility 
of producing dispersion-hardened copper-base alloys 
by some method other than powder metallurgy proc- 
essing. Additional research will be required for the 


Fig. 5— Molybdenum dispersed in copper 10 
weight per cent aluminum alloy (Melt 25). 
500 X. 


selection of desirable compositions and the measure 
ment of mechanical and physical properties of dis 
persion-hardened copper-base alloys prepared in the 
melt, cast and fabricated by conventional methods. 
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MOLDING SAND CONTROL BY 
GREEN COMPRESSIVE AND 
SHEAR STRENGTHS TESTING 


by R. W. Heine, E. H. King and J. S. Schumacher 


ABSTRACT 


A method for determining the bonding power of 
clay in foundry sands quickly and accurately is pre- 
sented by the authors. This method uses “effective clay 
content,” defined as the bonding power of the clay in 
a used foundry sand expressed as a percentage equiva- 
lent to bonding power of a given new clay amount. 


INTRODUCTION 


A quick and accurate method of determining the 
bonding power of clay in foundry sands is described. 

The control of foundry molding sand has rapidly 
progressed from the standpoint of the technology of 
the individual tests, as well as the acceptance by the 
foundryman of the need of control. A great deal is 
known about the relationship of the physical values 
of new sand mixtures comprising clay, sand and wa- 
ter, with or without additives. When molding sand is 
reused in daily foundry practice, rebonded and re- 
mulled many times over, it results in a molding sand 
which contains some badly burned and completely 
dehydrated clay, various levels of partially burned 
clay and certain levels of new clay content. This, 
then, raises the question as to the bonding efficiency 
of the AFS or true clay content in a given molding 
sand. 

The authors have chosen the term “effective clay 
content” as being descriptive of the bonding power of 
the clay in a used foundry sand, expressing it as a per- 
centage equivalent to the bonding power of a given 
amount of new clay. Control of bonding power in a 
used foundry sand then means control of the effec- 
tive clay content of the sand. This is done by the 
method described in this paper. 

Molding sand control by green compressive and 
shear strengths testing is based on the graph shown in 
Fig. 1. Figure 1 shows how green compressive and 
green shear strengths are related to the new or effec- 
tive clay percentage present in the sand. Figure | 
pertains to molding sand made of all new ingredients, 
and mixed to bring out maximum green strengths. 
Using Fig. 1, it is possible to determine the effective 
clay content of any foundry molding sand. Effective 
clay is defined as clay equivalent to new clay in its 
bonding ability of developing green compressive and 
green shear strengths in the sand. Figure 1 shows 
green compressive strength plotted on the vertical 
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scale and green shear strength on the horizontal scale 
at the bottom of the graph. At the top of the graph 
is the scale showing the effective clay percentage of 
bentonite (western and southern) and fireclay. The 
lines sloping downward to the left are for the effec- 
tive clay percentages on the top horizontal scale. 


EFFECTIVE CLAY CONTENT MEASUREMENT 


To illustrate the use of Fig. 1, consider foundry 
sand No. | in the Table bonded with bentonite. By 
measurement, the green compressive and green shear 
strengths of this sand were found to be 17.8 psi and 
4.7 psi, respectively, by the standard AFS 3 ram test. 
Entering Fig. | at 17.8 psi green compressive strength 
and 4.7 psi green shear strength, the effective per- 
centage of bentonite clay in this sand is found to be 
6.1 per cent by interpolation between the 6 per cent 
and 8 per cent curves. However, the Table shows that 
the same sand contained 19.0 per cent AFS clay and 
10.40 per cent true clay by analysis. 

The analytical method for measurement of AFS 
clay! by a settling test includes all particles finer than 
20 microns in size whether they be clay particles, silt 
or organic matter. Thus, AFS clay includes matter 
which does not function as effective clay. The analyt- 
ical method for determining true clay? is the same as 
for AFS clay, but deducts the organic matter and wa- 
ter of hydration present. Thus, the true clay per- 
centage can include fine particles such as silt or dead 
clay which does not function as effective clay or new 
clay in contributing to green strength properties. 
There may be a substantial difference between the 
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Fig. 1— Relationship of green compressive strength, 
green shear strength and effective clay content. 





effective percentage of clay in a molding sand and 
the percentages of AFS and true clay present, as in 
the example cited above. 

Figure | shows green strength and effective clay con- 
tent relationships for fireclay as well as bentonite. 
Consider foundry sand No. 6 in the Table containing 
fireclay as the bonding agent. At 11.8 psi green 
compressive strength and 2.7 psi green shear strength, 
the effective percentage of fireclay in this sand is 
then 10.50 per cent. Note that AFS clay for this sand 
is 16.4 per cent and per cent true clay is 10.11. 

Sand control aims at maintaining a constant known 
percentage of effective clay in the sand. Figure | pro- 
vides a means of determining the effective clay con- 
tent of molding sand from the simple measurement 
of green compressive and green shear strengths of 
the standard AFS 2.0 in. x 2.0 in. diameter specimen. 


SAND CONTROL BY GREEN 
STRENGTH TESTING 

As stated, Fig. | provides a means of measuring the 
effective bentonite or fireclay in a molding sand. 
Green compressive and shear strengths at any particu- 
lar effective clay content depend on the moisture 
content of the sand and the amount or ramming of 
the specimen. Increasing moisture content, for ex- 
ample, causes the green compression and shear 
strengths of the standard AFS three ram specimen to 
decrease along the curve toward the origin; or if the 
moisture content is held constant, then decreasing the 
ramming will cause the green compression and shear 
strengths to move down along the curve toward the 
origin. 

These principles make it possible to establish a 
sand control procedure based on the standard AFS 
three ram specimen (ramming is thus held constant). 
Figure 2 is the basis of this control procedure, and is 
simply an extension of Fig. 1. As the moisture con- 
tent decreases, the green strengths of the standard 
AFS sample increase. For example, at 8 per cent ben- 
tonite the green strength of the standard AFS sam- 
ple increases toward 25 psi compressive, and 7.0 psi 
shear strength as moisture content decreases. How- 
ever, as moisture content decreases the sand even- 
tually becomes too dry for molding and will no longer 
develop adequate dry compressive strength for casting 
purposes. 

Casting and molding defects associated with dry 
sand will then occur. Dirty castings, expansion de- 
fects, over-rammed or cracked molds are examples of 
such defects. On increasing moisture from too dry to 
too wet, the green strengths of the standard AFS sam- 
ple decrease as moisture increases. However, as mois- 
ture content increases the sand becomes too wet for 
molding and casting purposes. When the sand is too 
high in moisture content it becomes sticky and loses 
flowability in molding. The castings may then show 
a rough surface finish and may evidence gas defects 
from the excess of moisture. 

Thus, it is possible to put limits of green compres- 
sive and green shear strengths of the standard AFS 
sample on each curve of effective clay content, as 
shown in Fig. 2. The limits shown on Fig. 2 then de- 
fine the control limits for the molding sand as used. 
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Fig. 2 — Relationship of green compressive strength, 

green shear strength and effective clay content to 

limits of flowability. 
The consequences of exceeding the high strength 
limits for a particularly effective clay content are 
those associated with excessively dry sand such as 
dirts, cuts, washes and over-ram. The consequences 
of falling below the strength limits for a particular 
effective clay content are those associated with ex- 
cessively wet sand. 

Thus, two simple tests, the three-ram green com- 
pressive and green shear tests, make it possible to 
determine whether a sand contains the proper per- 
centage of effective clay and also the proper mois- 

GREEN COMPRESSIVE AND GREEN SHEAR 
STRENGTHS OF SOME FOUNDRY SANDS 





Effective 
AFS True Clay, Mold 
Sand T.C., Clay, Clay, % MeO, GCS, GCS, Hard- 
Type by J a» 4 % (Fig.1) % _ psi* psi*® ness* 
Bentonite, 15.20 190 1040 6.18 62 178 
gray iron 





4.7 88 
Bentonite, 7.5 11.0 7.36 608 46 S 90 
gray iron 
Bentonite, 2.6! 9.2 7.59 4.038 3.0 
gray iron 
Natural, 25 236 22.07 12.5F 
non-ferrous 
Bentonite, 10.30 13.60 762 6.08 
gray iron 
Fireclay, 10.75 1640 10.11 10.5F 
gray iron 
Bentonite, 8.8 5.8 
gray iron 
Fireclay, 
gray iron 
Bentonite, 
aluminum 
Bentonite, 2.5 
aluminum 
Bentonite, 6.5 
gray iron 
Fireclay, 76 
gray iron 
Bentonite, 
brass 
8 = Effective per cent bentonite. 
F = Effective per cent fireclay. 
* = three-ram sample. 
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ture content for producing good molds and good cast- 
ings. Figures | and 2 make this control testing pro- 
cedure possible and workable. 

The control limits shown on Fig. 2 are the range of 
strength values that appear likely for bentonite 
bonded sands used under. foundry conditions; for 
example, at 6 per cent bentonite the range is set at 
14.0 to 20.0 psi compressive strength for bentonite- 
bonded sands. Actually, a narrower range might be 
specified for precise control. The narrower range is 
selected on the basis of the particular type of casting 
and molding conditions prevailing in a particular 
foundry. Under some circumstances, for example in 
the skin-drying of molds, a foundry might wish to con- 
trol a sand below the limits shown, i.e. wetter. 

As another example, steel foundry sands are oper- 
ated much wetter, and the loss in flowability is ex- 
pected and accepted to obtain the advantage of a 
wetter sand. In other words, a particular foundry must 
set its own control range based on the needs of oper- 
ations peculiar to its own circumstances. For example, 
foundry sand No. 2 in the Table containing 6 per cent 
effective bentonite could have a limiting control 
range of 16.0 to 20.0 psi green compressive strength 
and 4.2 to 5.1 green shear strength for the size of 
gray iron castings made and molding conditions ex- 
isting in this foundry. It should be emphasized that 
the limits on Fig. 2 apply to bentonite-bonded sands. 
Similar limits can be constructed for fireclay bonded 
sands. 


SUMMARY 


Molding sand control by green compressive and 
green shear strengths testing is based on the relation- 
ships shown in Fig. 1. The green strength tests make 
it possible to determine that the desired and specified 
effective clay content is maintained in the sand. If 
insufficient effective clay is present, then, obvious- 
ly, more new clay must be added until the desired ef- 
fective clay content is reached. Once the effective 
clay percentage is controlled, then the limits of green 
compressive and green shear strengths for variable 
moisture content can be specified for the particular 
clay content. 

Sand exceeding the limits on the high side is too 
dry, and sand below the limits is too wet for satisfac- 
tory use. The behavior of the sand can thus be pre- 
cisely controlled. In addition, the effective clay con- 
tent may be compared with the AFS and true clay 
analysis. If the latter analyses are substantially higher 
than the effective clay content, the sand then con- 
tains much inactive or dead clay which contributes 
little to bonding. Such dead clay requires the use of 
excessive moisture percentages in order to adequately 
plasticize the sand, and leads to problems attendant 
to high moisture content molding sands. 

If the clay analysis is lower than the effective clay 
content, an error in analysis is suggested or some 
material other than clay is producing shear strength 
—cereal, for example. This control procedure thus 
provides the information necessary to sand control 
for prevention of casting defects associated with un- 
known variation in clay content of the sand. 

New sand mixtures, should give strength values as 
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shown on Figs. | and 2 unless the sand is inadequately 
mulled. The effectiveness of mulling in the foundry 
can also be determined by remulling sand from the 
foundry sand system in a laboratory muller. Inade- 
quately mulled sand will show a low effective clay 
content. Remulling will raise the effective clay con- 
tent if maximum has not already been obtained. 

The effects of various ingredients in the sand can 
also be evaluated by the test in terms of whether 
their effect is to lower effective clay content or cause 
the optimum values to be readily reached. For ex- 
ample, balling due to fines will cause a lower than 
normal effective clay content to be obtained from a 
given percentage of new clay. 


CONCLUSION 

Based upon actual field testing by the authors over 
a wide number of foundries, it now appears that the 
above described method of determining the effective 
clay should go a long way in removing the mystery 
and variables in practical shop sand control. If, in 
addition, the information now known about the mois- 
ture requirements of molding sand is applied using a 
satisfactory and consistent fineness and distribution of 
base sands, the bonding power of the clay can be con- 
trolled within the desired limits. This should lead to 
the production of better quality castings at lower 
cost. 
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APPENDIX 
The green shear test requires the following pre- 
cautions for reproducibility and accuracy: 


1) The sand should be put through a No. 6 mesh 
sieve. Coarse lumps cause erratic green shear test 
values. 

2) The sand should not be permitted to air dry the 
slightest bit. Air drying causes high and erratic 
green shear values. 

3) A dry sand, approaching the upper limits of the 
chart, tends to give erratic green shear values. If 
the most precise determination of effective clay 
content is desired, the sand should be remulled 
to a higher mositure content. 

4) A general review of green shear, tensile and com- 
pressive strengths property relationships is given 
in reference (3). This reference points out that 
when a sand is over-rammed the green compres- 
sive and green shear strength relationship departs 
from the straight lines shown in Figs. 1 and 2 
in the direction of higher compressive strength at 
a given shear strength. Figures | and 2 are lim- 
ited to the standard AFS ramming procedure. 
Ramming with a greater number of rams could 
cause over-ramming and curvature away from the 
straight lines shown especially at 6 per cent ef- 
fective bentonite and below. The use of this test 
then is advised to use the standard ramming pro- 
cedure. 





ULTRA HIGH PRESSURE CASTING 


ABSTRACT 


Aluminum Alloy A-356 was subjected to pressures 
as high as 100,000 psi during solidification to deter- 
mine the effect of ultra high pressures on the physical 
properties. In most cases the molten metal was vacuum 
degassed before casting. 

The high pressures applied during solidification re- 
fined the grain size and the eutectic silicon size, in- 
creased the silicon concentration of the eutectic and de- 
creased the amount of eutectic present regardless of 
the casting variables used. 

The time during solidification that the pressure was 
applied was critical. If it was applied too soon a concen- 
tration of eutectic was developed at the center of the 
casting; if applied too late the structural changes did 
not occur. 

The high pressures produced consistently high 
strengths and unusually high elongation under almost 
all casting conditions. The density, soundness and sur- 
face finish of the castings were all excellent. 

Pressures of 50,000 psi yielded properties similar to 
that produced by 100,000 psi, and were considerably 
less difficult to usé. 


INTRODUCTION 


This research was conducted primarily to explore 
the principles involved in solidifying metal under ex- 
tremely high pressures, in order to achieve and con- 
sistently reproduce higher mechanical properties in 
castings. The project was sponsored by, and this pa- 
per was prepared with the approval of, the Manu- 
facturing Methods Div., Aeronautical Systems Center, 
U.S. Air Force. 

Since this investigation was exploratory, all work 
was confined to simple cylindrical and rectangular 
cast blanks of A-356 Aluminum alloy having a cross- 
section area of | sq in. and suitable for machining 
standard A.S.T.M. tensile bars. 

In order to eliminate undesirable variables, and to 
assure that high quality molten metal was cast, the 
major portion of the casting conditions were made 
with vacuum degassed metal. The effect of casting 
from atmospheric pressure to 100,000 psi pressure was 
determined under the following variable conditions: 


a) Air melted and vacuum degassed metal. 
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b) Mold temperature from 350F (177C) to 800F 
(427 C). 

c) Metal pouring temperature from 1200 F (649 C) 
to 1400 F (760 C). 

d) Time of pressure application after pouring from 
2.50 to 30 sec. 

e) Surface to volume ratio, using round and rec- 
tangular molds. 


EQUIPMENT 

A-356 aluminum ingots were melted in an elec- 
tric resistance furnace having a maximum operating 
temperature of 1600 F (871 C). A graphite crucible 
with a capacity of 100 lb of aluminum was used as 
a melting pot. The temperature of the metal was con- 
trolled with a circular chart temperature recorder 
and controller. 

The vacuum tank was of two piece design, the bot- 
tom portion being shallow so that the vacuum seal 
was as far as possible from the heat reflected from the 
furnace. The 4 in. line to the vacuum pump, the 
thermocouple feed-through and the 220 volt power 
feed-through for the furnace were all in the shallow 
bottom section. This permitted the larger top section 
to be set in position or removed easily without break- 
ing any connections. 

The single seal was maintained with a silicone rub- 
ber gasket at the machined parting line. The vacuum 
pump had a capacity of 202 cu ft/min and could 
produce a vacuum to 10 microns. The vacuum ob- 
tained was measured by a thermocouple vacuum 
gage capable of continuously measuring vacuums 
from one to 3000 microns. 


Mold Assembly Measurements 

The mold assemblies for pressure casting bars hav- 
ing a | sq in. cross-section are shown in Fig. 1. The 
round mold cavity had a 1.131 in. bottom diameter, 
1.40 in. top diameter and was 8.3 in. long. The rec- 
tangular mold cavity was 1.50 in. by 0.667 in. at the 
bottom, 1.75 in. by 0.75 in. at the top and 8.3 in. long. 
These molds were mounted on a 600 ton vertical cast- 
ing machine which had an 8 in. hydraulic cylinder 
on the lower fixed platen to apply pressure to the 
metal during the freezing cycle. 

The pressure was applied to the casting by means 
of a loose plug similar to the dummy block used in 
the extrusion of aluminum. To check the actual pres- 
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Fig. 1— Round die assembly used to cast aluminum 
under high pressures. 
































sure delivered by the hydraulic cylinder, eight 
bonded wire strain gages were attached to the ex- 
tension connecting the hydraulic cylinder piston rod 
to the ram under the die. The mold temperature was 
checked by a thermocouple inserted into it and con- 
nected to an indicating pyrometer. 

The parting line seal for the rectangular mold dif- 
fered from the round mold in that it was entirely flat 
rather than conical. 


METHOD 


The results obtained by the use of ultra high pres- 
sure casting in this experiment are dependent upon 
the method used to apply the pressures. After 100 Ib 
of pre-alloyed A-356 aluminum ingot was melted in 
the electric resistance furnace it was fluxed with igni- 
tion fluxes. The hood was then placed over the fur- 
nace and a vacuum of 500 microns was maintained 
for one hr while the melt was heated to pouring 
temperature. After the vacuum was released the hood 
was removed and a sample was taken for analysis. 

In the case of the atmosphere castings a ceramic 
hot top was placed on the mold to help produce op- 
timum filling conditions. When casting under pres- 
sure the metal was poured into the open mold under 
atmospheric pressure. The casting machine was then 
closed and the pressure applied at the base of the 
tapered casting before, during and after complete so- 
lidification had taken place. A portion of the applied 
pressure was absorbed by the solidified shell of metal 
adjacent to the mold wall. 

As the casting solidified, more of the pressure was 
absorbed by the frozen metal so that the last metal to 
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freeze was under the lowest casting pressure. It was, 
therefore, noted that a definite minimum pressure 
was necessary to obtain satisfactory results. The pres- 
sure was maintained on the metal until the casting 
cooled to about 600 F (316C). The metal pressure 
was adjusted by varying the hydraulic pressure used 
to actuate the 8 in, hydraulic cylinder. 

This could be varied from 100 to 2000 psi which re- 
sulted in metal pressures of 5,027 to 10,540 psi. By 
checking with the bonded wire strain gages, the metal 
pressure was held to these tolerances: 


10,000 psi + 200 psi 


20,000 psi + 400 psi 
50,000 psi + 800 psi 


100,000 psi + 1200 psi 


The castings produced were ideal for preparing 
standard A.S.T.M. tensile bars having an 0.505 in. re- 
duced diameter and a 2 in. gage length. 

Each casting condition was tested for these prop 
erties: 

a) Radiographic soundness. 

b) Density. 

c) Tensile strength, yield strength at 0.2 per cent 
offset, elongation in 2 in. and Brinell hardness in 
the as-cast and T-6 heat treated condition. 

d) Macrostructure. 

e) Microstructure. 

RESULTS 

Examination of the radiographs (which were taken 
of every group produced) showed that all castings 
produced at 50,000 and 100,000 psi pressure were ra- 
diographically sound regardless of the casting condi- 
tions used. Castings produced at atmospheric pres- 
sure were sound, except for those cast at extremely 
high mold and metal temperatures which contained 
porosity near the top end. 

Castings produced at 10,000 psi and 20,000 psi con- 
tained numerous cracks, fissures and shrink cavities. 
Due to these cracks and fissures, many of the tensile 
bars made at these pressures were broken while be- 
ing machined from the casting. 

The density results confirmed the radiographic in- 
dications of porosity and fissures. In addition, the ap- 
plication of high pressures yielded a slight but con- 
sistent increase in the observed density of the bars. 
The range of densities obtained for atmospheric, 50,- 
000 psi and 100,000 psi pressures were: 

Low High Avg. 

Atmospheric Pressure 2.666 2.682 2.675 

50,000 psi 2.680 2.687 2.682 

100,000 psi 2.680 2.693 2.683 

Quantometric analyses were made of the metal be- 


fore each casting condition was produced. The range 
of composition from melt to melt was: 








Silicon, % 6.70 — 7.10 

Iron, % <0.20 

Zinc, % 0.11 — 0.14 

Magnesium, % 0.33 — 0.36 

Titanium, % 0.13 — 0.15 

For composition of A-356 Alloy see Spec. MIL-C- 
21180A (ASG). 
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Fig. 2— Metal pressure and vacuum degassing effect 
on A-356 as-cast properties. Metal temperature, 1250 F; 
mold temperature, 500 F; pressure delay, 2.5 sec. Made 
in round mold, 


Casting Pressure Effect on Air Melted 
and Vacuum Degassed Metal 
Produced in a Round Mold 

The castings used in this comparison were made in 
the round mold, pouring temperature 1250 F (677 C), 
mold temperature 500F (260C) and pressure ap- 
plied 2.50 sec after pouring. 

The bar graph in Fig. 2 shows the as-cast proper- 
ties. The castings made at 10,000 psi and 20,000 psi 
produce a negative result because of the cracks and 
fissures formed. Although there is a slight improve- 
ment in all properties before degassing with the use 
of high pressure, a more significant difference is pro- 
duced after degassing. The yield strength is only 
slightly improved, but the tensile strength is in- 
creased to over 30,000 psi and the elongation in- 
creased to over 12 per cent. 

The bar graph in Fig. 3 shows the T-6 heat treated 
properties. Before degassing the results are somewhat 
erratic, with 50,000 psi pressure yielding better prop- 
erties than 100,000 psi. After degassing there is little 
improvement in properties with increased pressure, 
except for the elongation which once more exceeds 12 
per cent. 


Mold Temperatures and Pressure Effect 


The castings in this comparison were made in the 
round mold, metal pouring temperature 1250 F 
(677 C), pressure delay 2.50 sec, vacuum degassed 
metal and with mold temperature varied from 350 F 
(177 C) to 800 F (427 C). 

The bar graph in Fig. 4 shows the as-cast prop- 
erties. The tensile strength increases with increased 
pressure at all mold temperatures with an overall de- 
crease with increased mold temperature over 500 F 
(260 C). The yield strength is also slightly increased 
by pressure at all mold temperatures. The elonga- 
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Fig. 3 — Metal pressure and vacuum degassing effect 
on A-356-T6 properties. Metal temperature, 1250 F; 
mold temperature, 500 F; pressure delay, 2.5 sec. Made 
in round mold. 


tion is increased by pressure at all mold temperatures; 
however, it is generally decreased by the higher mold 
temperatures and is only 6 per cent at 800 F (427 C) 
mold temperature and 100,000 psi pressure. 

Figure 5 shows the T-6 heat treated properties. The 
application of high pressure slightly improves the 
strength at low mold temperatures. At mold tempera- 
tures of 600 F (316C) and above, the atmospheric 
pressure strengths drop off but the high pressure 
strengths are maintained. The elongation is improved 
at all mold temperatures by high pressure, but once 
more decreased at extremely high mold temperatures 
of 800 F (427 C) to about 6 per cent. 
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Fig. 4— Metal pressure and mold temperature effect 
on A-356 as-cast properties. Metal temperature, 1250 F; 
pressure delay, 2.5 sec. Made in round mold and vacuum 
degassed. 
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Fig. 5— Metal pressure and mold temperature effect 
on A-356-T6 properties. Metal temperature, 1250 F; 
pressure delay, 2.5 sec. Made in round mold and vacuum 
degassed. 


Pouring Temperature and Pressure Effect 

The castings in this comparison were made in the 
round mold, mold temperature 500 F (260), pres- 
sure delay 2.50 sec, vacuum degassed metal and 
poured at temperatures from 1200 F (649C) to 1400 
F (760 C). 

Figure 6 shows the as-cast properties. High pres- 
sures at all metal pouring temperatures increased 
the tensile and yield strengths. The elongation was 
steadily increased at the lower metal temperatures by 
increased pressure, but at high metal temperatures 
50,000 psi pressure yielded better elongation than 
100,000 psi pressure. 

Figure 7 shows the T-6 heat treated properties. In- 
creased pressure increased the tensile and _ yield 
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Fig. 7 — Metal pressure and metal temperature effect 
on A-356-T6 properties. Mold temperature, 500 F; 
pressure delay, 2.5 sec. Made in round mold and vacuum 
degassed. 
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Fig. 6 — Metal pressure and metai temperature effect 
on A-356 as-cast properties. Mold temperature, 500 F; 
pressure delay, 2.5 sec. Made in round mold and vacuum 
degassed. 


strengths at all metal pouring temperatures. The elon- 
gation was increased by pressure at the lower pour- 
ing temperatures, but at 1300 F (704C) and 1400F 
(760 C) pouring temperatures with higher elongation 
than normal at atmospheric pressure it remained con- 
stant at about 9 per cent. 


Effect of Time Pressure Applied After Casting 
The castings in this comparison were made in the 
round mold, pouring temperature 1250F (677 (C), 
mold temperature 500F (260C), vacuum degassed 
metal and the pressure delay varied from 2.50 to 30 
sec. 
Figure 8 shows the as-cast properties. There is little 
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Fig. 8 — Metal pressure and pressure delay (time in- 
terval between the time metal is poured and pressure 
is applied) on A-356 as-cast properties. Metal tempera- 
ture, 1250 F; mold temperature, 500 F. Made in round 
mold and vacuum degassed. 





variation in tensile or yield strength with variation in 
pressure delay from 2.5 to 30 sec. The elongations are 
all high, and at 5 sec delay reach an outstanding value 
of 18 per cent for this test. 

Figure 9 shows the T-6 heat treated properties. 
Pressure delay once more has little effect on the ten- 
sile or yield strength, while the elongation at 5 sec de- 
lay is exceptionally high. 


Increased Chill on Air and Vacuum 
Degassed Metal Effect 


The castings in this comparison were made both 
in the round and rectangular molds, air melted 
and vacuum degassed, pouring temperature 1250 F 
(677 C), mold temperature 500 F (260 C) and pressure 
applied 2.5 sec after pouring. 

The round mold produced a bar having a one sq 
in. cross-section at the base with a diameter of 1.125 
in. The rectangular mold produced a bar having a 
one sq in. cross-section at the base and a thickness of 
0.625 in., therefore the amount of chill in the rec- 
tangular mold was considerably greater than that in 
the round mold. 

Figure 10 shows the as-cast properties. In every 
case increased pressure yielded higher tensile 
strengths, higher yield strengths and higher elonga- 
tion. Increased chill yielded better properties (nota- 
bly elongation) in the air melted metal but im- 
proved only the atmospheric pressure cast properties 
after degassing. 

Figure 11 shows the T-6 heat treated properties. In- 


creased chill yielded increased properties in the air 
melted metal (notably elongation). The higher pres- 
sures did not necessarily lead to increased strengths. 
With the vacuum degassed metal increased chill 
slightly increased the atmospheric pressure cast prop- 
erties while not materially affecting the high pres- 
sure properties. 
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Fig. 9 — Metal pressure and pressure delay (time in- 
terval between the time metal is poured and pressure 
is applied) on A-356-T6 properties. Metal temperature, 
1250 F; mold temperature, 500 F. Made in round mold 
and vacuum degassed. 
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10 — Metal pressure and vacuum degassing effect 

on A-356 as-cast properties. Metal temperature, 1250 F; 

mold temperature, 500 F. Made in rectangular mold. 
Pressure delay 2.5 sec. 


DISCUSSION 

The radiographs indicated that a pressure greater 
than 20,000 psi was necessary to produce satisfactory 
results. None of the castings made under pressure had 
a feeder to supply hot metal to compensate for the 
liquid to solid shrinkage. As the metal froze around 
the sides of the mold cavity, sufficient strength was 
developed in the frozen aluminum to prevent the 
plunger, under pressures of 10,000 and 20,000 psi, 
from completely deforming the metal as it froze to 
compensate for the liquid to solid shrinkage. 
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Fig, 11— Metal pressure, vacuum degassing and in- 

creased chill effect on A-356-T6 properties. Metal tem- 

perature, 1250 F; mold temperature, 500 F; pressure 

delay 2.5 sec. 
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Fig. 12 - 13 — As-cast microstructures of 
atmospheric pressure cast A-356 alloy. 
Made in round mold. Pouring tempera- 
ture, 1250 F; mold temperature, 500 F; 
pressure delay 2.5 sec. Fig. 12 (left) — 
100 X. Fig. 13 (below) — 1000 X. 


The pressure was sufficient to cause fracture of the 
newly frozen metal resulting in cracks and fissures. 
While these tests are referred to as being cast at 
10,000 and 20,000 psi pressure, the last metal to freeze 
had probably frozen under practically no pressure. 
To produce sound dense castings under pressure by 
the method used, a pressure of 20,000 psi was not ade- 
quate while 50,000 psi was adequate. The minimum 
pressure would probably vary with mold tempera- 
ture, metal temperature and with the time delay in 
applying the pressure. 


cation of high pressures during solidification of this 
alloy produced interesting changes in the structure 
and apparently in the aluminum silicon phase dia- 
gram. All microsamples were taken at the same loca- 
tion in each casting—in the area of the reduced sec- 
tion of tensile bar, that is, the center portion of the 
casting near the top. This was the part of the cast- 
ing which was last to solidify. 

Under high pressure the as-cast aluminum grains 
surrounded by eutectic were smaller than the den- 
Structural Changes dritic grains of the atmospheric pressure cast alloy 
which were also surrounded by eutectic (Figs. 12 and 
14). The dendrites were either broken up or pre- 
vented from forming by the applied pressure. In ad- 


de Pee no ae Lad dition, there was less eutectic present in the structure 
4 " ~ 

+ he Ady 
¥ eas: my 


The slight increase in density as a result of the ap- 
plication of high pressures was an indication that 
submicroscopic liquid to solid shrinkage voids were 
being eliminated. 


Microscopic examination disclosed that the appli- 


cast under high pressure. 
48 ? The eutectic which was present in the high pres- 
G = sure castings (Figs. 13 and 15) contained a greater 


Fig. 14 - 15 — As-cast microstructures of 
100,000 psi pressure cast A-356 alloy. 
Made in round mold. Pouring tempera- 
ture, 1250 F; mold temperature, 500 F; 
pressure delay, 2.5 sec. Fig. 14 (above) 
— 100 X. Fig. 15 (right) — 1000 x. 
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Fig. 16 — Eutectic concentration at the 
center of the high pressure bars. Pouring 
temperature, 1400 F; mold temperature, 
500 F; pressure delay, 2.5 sec. Made in 
round mold. Top — 100,000; center — 
50,000; bottom — Atm. 


concentration of silicon which was more refined than 
that produced at atmospheric pressure. 


Eutectic Displacement 


The decrease in the amount of eutectic present and 
the increase in the eutectic silicon concentration both 
led to the conclusion that the eutectic composition 
had been displaced to a higher silicon concentra- 
tion by the application of high pressure during 
solidification. These observations were supported 
by the experiments of Welter.! In his experiments 
with applying pressures as high as 300,000 psi upon 
solidifying aluminum-silicon alloys the eutectic com- 
position moved from 12 to 18 per cent silicon. Also, 
freezing temperature was increased by approximately 
50 F (28C) and the solid solubility of silicon in 
aluminum was increased from 1.30 per cent to ap- 
proximately 3.0 per cent. 

Thermodynamic theory indicates that the applica- 
tion of pressure to a material which contracts on 
freezing will raise its melting point, while the reverse 
would be true if the freezing material expanded. 
Since silicon expands on freezing we have, upon the 
application of pressure, an increase in the melting 
point of aluminum and a decrease in the melting 
point of silicon. This is a condition which would 
undoubtedly contribute to the noticeable distortion 
of the aluminum-silicon temperature-composition 
picture. 

The increase in the eutectic silicon concentration, 
the refinement of the eutectic silicon, the increase in 
solubility of silicon in aluminum, the grain refine- 
ment and the filling of the solid to liquid shrinkage 
voids could all or in part lead to increased hardness 
and strength in the alloy. The reduction of the 
amount of eutectic present lead undoubtedly to the 
increase in elongation. 


Heat Treatment and Aging 


Solution heat treating and aging could easily reduce 
some of the effects of ultra high pressure. The T-6 


heat treatment reduced the effect of the solubility 
change and the remaining silicon was spheroidized, 
thus reducing the noticeable difference in the refine- 
ment of the silicon. The actual treatment used con- 
sisted of a 9 hr soak at 1000 F (538 C) followed by a 
warm water quench, 15 hr at room temperature and 
4 hr at 340 F (171 C). 

The improvement in properties brought about by 
the vacuum degassing, both to the atmospheric pres- 
sure castings and to the high pressure castings, must 
be attributed to the removal of entrapped oxides and 
gases of the air melted metal. That their presence can 
have a detrimental effect on the properties was deter- 
mined by Layne and Bishop,? by M.I.T.% and by 
Owens, Antes and Edelman.4 

Increasing the mold and metal temperatures to 
800 F (427C) and 1400 F (760C), respectively, pro- 
duced extremely large dendrites in the atmospheric 
pressure castings. The application of high pressures 
at even these unusual conditions produced the same 
fine grain structure. At these high mold temperatures, 
and especially at the high metal temperatures, the 
application of high pressures produced a concentra- 
tion of eutectic at the center of the casting (Fig. 16). 

This concentration (which produced lower duc- 
tility) was probably caused by applying the pressure 
while most of the metal was still in the liquid state. 
As the silicon-rich aluminum froze out it was com- 
pressed and the liquid eutectic was squeezed into 
the center of the casting. This condition would 
indicate that the pressure should not be applied too 
early in the solidification process. 


Pressure Application Delay Effect 


By delaying the pressure application to 5 sec after 
pouring, the center portion of the bar (which was 
tested) was almost free of eutectic. The dendrites of 
the silicon-rich aluminum phase had solidified in 
this time, and the pressure compacted these dendrites 
forcing the liquid eutectic to the outer portions of 
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the bar. This produced elongations of 17 and 18 per 
cent. 

After 30 sec delay the microstructure obtained 
showed a dentritic grain which had been partially 
broken up by some hot work. Actually, 30 sec after 
pouring the metal was entirely solidified and the 
pressure was applied to a hot solid bar rather than 
to liquid or solidifying metal. Therefore, there was 
little refinement of the microstructure. 

It appears that the structure refinement at 2.5 sec 
delay, the squeezing out of eutectic at 5 sec delay 
and the hot working done after 30 sec delay resulted 
in about the same strength and ductility. Actually, 
the bar graphs show average results. The individual 
test bars produced at 15 and 30 sec delay were erratic 
in their properties. There would be less reliability, 
therefore, in the properties obtained by applying 
pressure after complete solidification had taken place. 

Increasing the chill by using a smaller rectangular 
mold was effective in improving the properties, par- 
ticularly of the nondegassed metal. The fact that 
increased chill decreases the detrimental effect of 
entrapped oxides and gas has been noted by other 
observers.? After vacuum degassing and heat treating 
the properties at high pressure were similar for both 
conditions of chill. 


CONCLUSIONS 


The conclusions drawn from this preliminary in- 
vestigation of ultra high pressure casting are directly 
related to the casting technique used. Other tech- 


niques of applying pressure could yield somewhat 
different results. 

The tensile strength and hardness of A-356 alumi- 
num alloy were improved with the application of 
ultra high pressures. The improvement was greater 
before the bars were subjected to the T-6 heat treat- 
ment. 

The yield strength was only slightly improved by 
ultra high casting pressures, and this was considerably 
dependent on the other casting conditions. The duc- 
tility of the castings (both as-cast and heat treated) 
was materially increased by ultra high pressures. 
Elongations of 9 to 18 per cent were obtained without 
loss of strength. 


Pressure Applied 


With 50,000 and 100,000 psi pressures applied dur- 
ing solidification all castings were radiographically 
and macroscopically sound, and had a surface finish 
which was a perfect reproduction of the surface of 
the mold. 

Pressures of 50,000 and 100,000 psi applied during 
solidification changed the as-cast structure from den- 
dritic to fine grained nondendritic, and reduced the 
particle size of the silicon before and after heat 
treatment regardless of the other casting conditions. 

Pressures of 50,000 and 100,000 psi applied during 
solidification increased the silicon content of the alu- 
minum silicon eutectic and decreased the amount of 
eutectic present by displacing the eutectic point in the 
phase diagram to a higher silicon concentration. 

Casting pressures of 50,000 and 100,000 psi pro- 
duced slightly higher average densities than sound 
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atmospheric pressure bars. This increase in density 
was an indication that some microscopic shrinkage 
voids had been eliminated. 


Degassing 

Degassing the molten metal by the use of vacuum 
resulted in increased tensile and yield strength with 
slight improvement in elongation. Degassing prior to 
the application of ultra high pressures resulted in 
improved properties. 

Mold temperatures from 350F (177C) to 800F 
(427C), and pouring temperatures from 1200 F 
(649 C) to 1400 F (760 C), did not materially change 
the strength of the 50,000 and 100,000 psi pressure 
cast bars. The ductility was lower at the high mold 
and metal temperatures. 


Time Interval 


The time interval between pouring the metal and 
applying the pressure was critical. When the pressure 
was applied before solidification started there was a 
tendency to segregate the low melting eutectic phase 
at the center of the casting. When the pressure was 
applied after complete solidification, the microstruc- 
tural changes were not obtained, the grain refinement 
was then limited to hot work and the physical prop- 
erties were not consistent. 

The best pressure delay would be dependent on 
the other casting variables and appeared to be best 
when the casting had partially solidified prior to 
pressure application. 

The use of the rectangular mold with increased 
chill had little effect on the properties of the high 
pressure cast vacuum degassed bars. At atmospheric 
pressure and on the undegassed metal it resulted in 
increased properties. 

The major problem of producing ultra high pres- 
sure castings of 50,000 and 100,000 psi pressures was 
the maintenance of the seal required for the moving 
parts of the mold. The moving parts were required 
to maintain a constant pressure on a_ constantly 
shrinking casting. As these pressures were sufficient 
to extrude aluminum through small openings a close 
fit was necessary. This fit was difficult to maintain 
with temperature fluctuations existing in the mold. 
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SHORT-TIME ELEVATED TEMPERATURE 
PROPERTIES OF PREMIUM 
QUALITY MAGNESIUM CASTINGS 


ABSTRACT 


The short-time elevated temperature requirements 
of missiles has made it necessary to establish design 
allowables for shorter times and at more rapid load 
rates than used for conventional testing. There is a sig- 
nificant difference for some alloys. Several casting 
alloys were tested using the rapid heating and loading 
conditions. Design allowable curves were prepared for 
four magnesium casting alloys and compared with a 
design curve for one of the aluminum casting alloys. 

In order to get more castings into missiles and air- 
craft, it is necessary to obtain a higher quality than 
indicated in existing specifications. “Premium Quality” 
has been selected to define this high quality. The use 
of premium quality and the new casting alloys will 
make magnesium alloys directly competitive with 
aluminum. 


INTRODUCTION 


The single mission and short times at maximum 
load and high temperature for some missiles makes 
special testing of materials necessary to take full ad- 
vantage of the increase in strength that is possible by 
using shorter soak times and rapid load rates. To 
take full advantage of the potential in castings for 
missiles, new design allowables have been prepared 
which include this increase in strength at elevated 
temperature. 

In addition, the properties at room temperature 
reflect high strength castings that require these prop- 
erties to be guaranteed in the casting and not in sep- 
arately cast test bars. For purposes of identification, 
castings designed to these high strength levels are 
designated as “Premium Quality.” 

This paper is composed of three parts: 


1) The discussion of the testing and the presentation 
of the short-time elevated temperature design 
curves. 

2) The discussion on premium quality. 

3) A preliminary evaluation of QE 22, a new casting 
alloy. 


W. GRONVOLD is Rsch. Specialist, Allowables Unit, Structures 
Rsch. & Dev. Sect., Aero-Space Div., Boeing Airplane Co., Seattle, 
Wash. 
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The test specimens used in this program were raised 
to test temperature in less than 15 sec and held at test 
temperature for 30 sec before testing. This 30 sec soak 
time prior to testing was arbitrarily selected, and may 
be assumed to cover soak times from 5 sec to one min 
since soak time for these limited times has little or no 
effect on the properties. Testing for extended soak 
times of 15 and 30 min are in progress, so data are 
not available at this time. 

The load rate was approximately 6000 psi/sec for 
the magnesium alloys. This represents an approximate 
strain rate of 0.060 in./in./min up to yield, but since 
this is constant load rate failure will occur in from 3-5 
sec. The significance of this load rate will be illus- 
trated later. 


Heating Method 


The specimen, illustrated by Fig. 1, was similar to 
a standard 14-in. diameter round specimen with an 
extended reduced section to maintain a more uni- 
form temperature gradient in the | in. gage length. 
The heating was accomplished by the use of an ex- 
ternal radiant heater suspended above the specimen 
which is tested in the horizontal position. The tem- 
perature was manually controlled by position of the 
heater and by adjusting the temperature of the heat- 
ing unit. 

The temperature was measured and controlled by a 
thermocouple on the lower side of the specimen at 
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Fig. 1— Configuration of quick heat round tensile 
specimen. 





the center of the gage length (Fig. 2). Stress vs. strain 
is plotted directly on an X-Y recorder for each tensile 
test. For simplicity, this testing has been labeled 
“Quick Heat,” since it differs considerably from the 
usual short-time elevated temperature testing. 


SPECIMEN QUALITY 


Although the specimen configuration was a ma- 
chined 4-in. round specimen, the purchased shape of 
the test bar differed considerably among the several 
vendors. The procurement of test specimens for an 
elevated temperature test program for casting alloys is 
significantly different from sheet and bar stock mate- 
rial and merits special mention. At the initiation of 
this program, the original request was to provide 
%x%x4.5 in. rectangular or %-in. diameter x 4.5 in. 
round blanks. 

All 36 specimens in each alloy were to have a 
consistent quality and typical strength values that the 
vendor could supply under controlled conditions. 
Only two aluminum vendors supplied specimens as 
requested. The magnesium foundries supplied a cast 
plate 54x 5x 12 in. and standard separately cast test 
bars. In spite of this variation in configuration, the 
consistency of the test results, from all types of test 
bars, was remarkable. 


LOAD RATE SIGNIFICANCE 

Since this “rapid load rate” testing is considerably 
different than the conventional short-time testing, 
the significance of the effect on properties should be 
pointed out. Since the difference varies with alloys, 
several alloys have been selected to illustrate this. 
Figure 3 illustrates the increase in strength of ZH62A- 
T5 (TZ6) by the use of rapid load rate testing. 
Figure 4 illustrates that rapid load rate has no sig- 
nificant effect on either the yield or ultimate of 
HK31A-T6. The effect of rapid load. rate and soak 
time on C355 aluminum alloy is shown in Fig. 5. 


TEST RESULTS AND DESIGN CURVES 


To illustrate how the design allowable curves are 
obtained, the test results of ZH62 are plotted with 
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Fig. 2— Temperature was measured 
and controlled by a thermocouple on 
the lower side of the specimen at the 
center of the gage length. 


the design curve in Fig. 6. To obtain the design 
curves, a typical test curve was faired through the 
test values and then corrected using the ratio at room 
temperature. The solid lines show the design values 
for the limited critical areas of the casting, and the 
dotted lines illustrate the property requirements in 
other areas of the casting. Similarly, Fig. 7 illustrates 
the same for HK31. 

For comparison, the test results for C355 are also 
presented in Fig. 8 along with the design values. 
Note the significant reduction from test results for 
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properties of ZH62A-T5 at elevated temperatures. 























QUICK HEAT DATA 
ew Pe a. QUICK HEAT DATA 


STANDARD DATA aay 


J | | 
300 400 


TEMPERATURE - °F 


| HK3IA-T6| 


KSI 





STRESS - KSI 


STANDARD DATA 








YIELD 





STRESS - 








C355-T6 
YIELD 


— ahs — ah 90 088 
mn MPERATURE - °F 


T T T | 














YIELD 











QUICK HEAT DATA 


QUICK HEAT DATA 
STANDARD DATA 


STRESS - KSI 


STANDARD DATA 


ULTIMATE STRESS - KSI 


8 


ULTIMATE 


l 1 | l = an 
100 200 300 400 500 
TEMPERATURE - °F 














C355-T6 
ULTIMATE 


ULTIMATE 
r) 











Fig. 4— Testing method effect on the mechanical 
properties of HK31A-T6 at elevated temperatures. 
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Fig. 5— Testing methods effect on the mechanical 
| ZH 62A-T5| properties of C355-T6 at elevated temperatures. 
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Fig. 6 — Minimum ‘design curves and test points for Fig. 7— Minimum design curves and test points for 
ZH62A-T5 magnesium castings. HK31A-T6 magnesium castings. 
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Fig. 8 — Minimum design curves and test points for 
C355-T6 aluminum castings. 


C355. The specimens for C355 were specially cast 
blanks that were chilled and properly fed to obtain 
optimum quality. It is not possible to do this for a 
majority of cast parts so a considerable reduction was 
necessary. 

To quickly compare these three alloys, the famil- 
iar structural index of strength divided by density 
is used in Fig. 9. The yield curves show ZH62 stronger 
than C355 at room temperature, but it drops with 
temperature so that C355 is better above 200 F. Note 
that HK31 is not competitive even out to 600 F. For 
ultimate, ZH62 is stronger than C355 up to 475 F, and 
for all practical purposes is equivalent to C355 from 


475 F to 600 F. Note that for ultimate, HK31 is the 
strongest above 475 F. 


Room Temperature Design Values 


Some discussion of these alloys and the selection of 
the design values at room temperature is in order. In 
the original selection of alloys for this elevated tem- 
perature program, ZH62 was selected because pub- 
lished data showed the highest ultimate and yield at 
room temperature. The recommended minimum sep- 
arately cast test bar values of 38-23-4 suggested by one 
foundry were selected prior to the release of QQ-M- 
56a. 


This simple expression for presenting the properties 
of an alloy will be used throughout this paper. It 
simply expresses the ultimate strength and the yield 
strength in ksi and the elongation in per cent, in that 
order. These values (38-23-4) are intended for lim- 
ited critical areas of the cast part. There is some indi- 
cation that these values are high, but to keep mag- 
nesium in a competitive position these values are 
necessary as shown in the comparison curves. 


For HK31I, the values of 27-13-4 are more realistic, 
and for parts that can be cast in HK3I there are 
several foundries capable of meeting or exceeding 
these minimums in critical areas. 


For aluminum casting alloy C355 the selected mini- 
mum of 44-33-5 are Type 2 values from Mil-C-21180, 
except that the elongation has been increased from 
3 to 5 per cent. These values are obtainable from 
selected aluminum foundries. For special castings and 
limited areas, these values may be pushed up to 50- 
40-5. Note that these values will have to be negotiated 
with the selected foundries. This makes the mag- 
nesium casting alloys less competitive and should be 
an incentive to develop higher strength magnesium 
casting alloys. 

A quick review of the comparison curves in Fig. 9 
will illustrate what happens by either a drop in the 
strength of ZH62 or an increase in the strength of 
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Fig. 9 — Strength to weight com- 
parison of some aluminum and 
magnesium casting alloys. 
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Fig. 10 — Comparison of the 0.2 per cent offset yield 
strengths of some magnesium casting alloys. 








C355. For ultimate, C355 would be stronger above | rl | | | 
300 F and for yield, C355 would be superior at all 100 200 300 400 500 
temperatures. It should be realized that this is a TEMPERATURE - °F 

straight strength to weight comparison and does not Fig. 11— Comparison of the ultimate strengths 
consider the advantages of magnesium from a stability some magnesium casting alloys. 

standpoint where the low density is a definite asset. 





DESIGN CURVES 


To quickly compare the four magnesium alloys, the 
design yield strengths are shown in Fig. 10 and the | AZ9IC -T6 | 
ultimate values in Fig. 11. These design curves reflect 
the high minimum properties at room temperature 
discussed previously for ZH62. In addition, the design 
curves are also presented with the average values of 
the test results. The selected design minimums at a CRITICALLY STRESSED AREA | 
room temperature represent premium quality, but ULTIMATE 
the curves may be adjusted to any minimum value 
simply by the use of a room temperature ratio. 

Figure 12 presents yield and ultimate for AZ91C- 
T6. Figure 13 presents yield and ultimate for 
ZK51A-T5. The yield and ultimate curves for ZH62A- 
T5 and HK31A-T6 have previously been shown in 
Figs. 6 and 7. 

A comparison of the elongation at elevated tem- 
perature is made for the magnesium alloys in Fig. 14. 
Note that in all cases the elongation increases with 
elevated temperature. This brings to light another 
observation. All these alloys except for HK31 are not 
creep resistant, and care should be exercised in rec- 
ommending these alloys for applications where any 
significant load is to be sustained for even as short a 
time as one min. Limited short-time stress rupture 
tests were conducted on these alloys, but time does 
not permit the presentation of data. 
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explanation of what is really meant by premium 
quality castings, some discussion is necessary. Briefly, 
premium quality may be defined as high strength 
castings with minimum properties specified in the 
cast part that are equal to, or higher than, most 
specifications requirements in separately cast test bars. 

The foundries should recognize that these proper- 
ties are to be guaranteed as minimums in the casting. 
To further expand this definition, the following 
questions need to be answered: 


1) What is to be gained by premium quality? 
2) Why is premium quality desired? 
3) How is premium quality obtained? 


WHAT IS TO BE GAINED BY 
PREMIUM QUALITY? 

This can best be illustrated by a comparison be- 
tween the properties guaranteed in the casting by 
QQ-M-56a and the properties required by premium 
quality. The properties in the Table for AZ91C-T6 
show the difference in design philosophy using the 
specification without specifying special properties for 
designated areas and what is required by premium 
quality. 


MECHANICAL PROPERTIES OF AZ91C-T6 
QQ-M-56a 


Avg.of 3 Minimum 
or more of Minimum Minimum 
Specimens Specimens in in 
from from Critical Other 
Casting Casting Areas Areas 





Premium Quality 








Ultimate Tensile 
Strength, psi 25,500 17,000 34,000 25,500 


0.2%, Offset Yield 
Strength, psi 14,500 12,000 16,000 14,500 


Elongation, % % 0 5 3 





Although there appears to be only a 33 per cent 
increase in strength based on a yield strength com- 
parison, the main significance is in the increase in 
both ultimate and per cent elongation. A large margin 
for ultimate and adequate ductility increases the 
reliability of castings to the point that designers will 
consider castings for structural parts without a cast- 
ing factor. A zero per cent elongation relegates a 
casting to a nonstructural application, or it means a 
large casting factor for structural parts. 

With a factor of 2.0 on the average values, the in- 
crease in strength is 120 per cent based on a direct 
yield comparison and 166 per cent using ultimate. 
fo further increase the yield strength it is necessary 
to use ZH62A-T5 with a minimum yield of 23,000 psi. 
This means an increase of 217 per cent over AZ9I. 
This is an illustration of what can be gained by 
premium quality. The bar charts of Fig. 15 graphi- 
cally present this increase in properties for both AZ91 
and ZH62. 


WHY IS PREMIUM QUALITY DESIRED? 


The basic reason for premium quality is to make 
castings more competitive with other methods of 





Fig. 15—-A comparison of design 
values for AZ91C-T6 and ZH62A-T5 
magnesium castings. 
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fabrication. To compete with a forging, a machined 
part or fabricated assembly, the properties and 
quality have to approach those of wrought material. 
This quality implies greater reliability so that cast- 
ing factors may be reduced or eliminated. This is 
necessary in order to design structural parts as cast- 
ings and obtain an equivalent or lighter structure. 


HOW IS PREMIUM QUALITY OBTAINED 


Premium quality should be obtainable by foundry 
technique and control. It is also necessary for the 
aircraft and missile designers to ask for this quality 
and design castings with the assistance of foundries, 
so as to take full advantage of the casting potential 
and to make this type of casting a reality. Those 
foundries that are interested in this high quality 
should realize the significance of what is meant by 
premium quality. Some of the items to be considered 
in attaining this quality are: 


1) Adequate control of all foundry variables. 

2) Properly engineered feeding and risering. 

3) The controlled use of chills to obtain high proper- 
ties and aid directional solidification. 

4) Minimize porosity and microshrinkage. 

5) More rigid inspection. 

6) More testing and development work. 

7) Develop a desire in all personnel to produce this 
quality. 


From the standpoint of the designer, adequate lead 
time for development should be allowed for each new 
casting design. If adequate lead time is not available, 
provide an alternate method as a temporary ex- 
pedient until the proved casting can be obtained. 
Each premium quality casting has to be developed. 
Just selecting desired property levels, preparing new 
specifications and specifying a general qualification 
procedure is not all that is necessary. 

Early in the design stages of the cast part the alloy 
and properties desired should be selected, tentative 
layouts should be prepared and discussed with selected 
foundries that have demonstrated the capabilities of 


producing premium quality castings in these alloys. 
The responsible foundry engineers should thoroughly 
go over the preliminary sketches with the designers, 
and all their suggestions should be seriously con- 
sidered and incorporated in the final design so as to 
fully exploit the advantages of castings. 


Premium Qualities 


Premium quality could be obtained by using 
QQ-M-56a, paragraph 3.8.3 and Note B of Table III. 
This permits the use of special properties in desig- 
nated areas of the casting. This makes it possible to 
call for any level of quality, but it also does not 
indicate what these property levels should be. It 
could be inferred that separately cast test bar values 
may be used, but this leaves each design open to an 
argument between the designer and the foundry. A 
separate specification with a definite set of minimum 
properties is necessary. 

A procedure for qualification and quality control 
needs to be established. A specification of the author's 
company (BMS 7-78) has been proposed. This o1 
similar specifications, adequate instructions to de- 
signers, recognition by the foundries of what is meant 
by this quality, a definite qualification procedure, 
new quality control and inspection standards and con- 
trol in the foundry are all musts in order to obtain 
castings to meet the requirements of premium quali- 
ty. Standard or commercial foundry practices will not 
produce this quality. 


QE22— THE NEW CASTING ALLOY 


This new alloy, designated QE22 by A.S.T.M., ap- 
pears to be the answer for both the room temperature 
requirements and the short-time high temperature re- 
quirements of missiles. 

Although data and experience is limited on this 
alloy, its potential as a significant increase in the state 
of the art of magnesium castings makes it a natural 
for inclusion in the discussion on elevated tempera- 
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Fig. 18 — Testing methods effect on the ultimate Fig. 19—-A comparison of the yield strength of 
strength of QE22A-T6 magnesium casting alloy. QE22A-T6 with ZH62A-T5 and HK31A-T6. 
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ture properties and premium quality. Quick heat 
testing on this alloy has been limited to a preliminary 
look. Based on these data, and selecting minimum 
properties of 35-254, preliminary design curves for 
yield and ultimate have been constructed. These de- 
sign allowable curves are shown in Fig. 16. 

To illustrate again the effect of rapid heating and 
loading, these curves are compared with curves de- 
rived from other data to show the increase in 
strength above 400 F. The yield strengths are com- 


= 


pared in Fig. 17, and the ultimate in Fig. 18. 


Minimum Properties 


The selected minimum values for yield and ulti- 
mate at room temperature reflect a degree of con- 
servation, and should therefore be considered as 
realistic minimum properties for the limited critical 
areas of high quality castings. This should be con- 
sidered in the following comparisons, especially when 
comparing this alloy with ZH62. Figure 19 compares 
the yield strengths of QE22, ZH62 and HK31. The 
superiority of QE22 is self evident. 

The yield strength of QE22 is 192 per cent of the 
yield of HK31 at room temperature, 183 per cent at 
500 F and 170 per cent at 600 F. The comparison of 
ultimate strengths are shown in Fig. 20. Here the 
percentage increase over HK3] is not as great, 130 
per cent at room temperature and 110 per cent at 
600 F. The comparison with ZH62 is more significant 
when considering ultimate strength. If the ultimate 
strength of ZH62 was reduced to the more realistic 
value of 35,000 psi QE22 becomes stronger at all tem- 
peratures, 

QE22 is also compared with the aluminum casting 
alloy C355. Since 50-40-5 is possible for limited 
critical areas of a C355 casting, this potential strength 
level is included in this comparison. It is shown by 
the dashed line for both the yield and the ultimate 
curves. Again the structural index of strength divided 
by density is used. The yield comparison is shown in 
Fig. 21 and the ultimate in Fig. 22. Previously we 
have stated that premium quality castings should be 
competitive with wrought materials. This is now pos- 
sible at elevated temperature. 


Alloy Comparison 


QE 22 and C355 are compared with 2014-T6 (the 
aluminum forging alloy) to show how competitive 
these premium quality castings are at elevated tem- 
perature. On a direct strength to weight basis, QE 22 
is better above 470 F. Note that the properties of 
C355 are also higher at these temperatures if 50-40-5 
quality is obtained at room temperature. 

The direct comparison of QE 22 and EK3] has not 
been included in this paper. The data on EK31 were 
ably presented by Ken Nelson* of the Dow Chemical 
Co. at both the American Foundrymen’s Society and 
the Magnesium Association meetings in April of last 


*K. E. Nelson, “Magnesium Casting Alloy EK31XA,” AFS 
TRANSACTIONS, vol. 67, p. 601 (1959). 
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Fig. 20— A comparison of the ultimate strength of 
QE22A-T6 with ZH62A-T5 and HK31A-T6. 
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Fig. 21— Yield strength to weight comparison of 
QE22A-T6 magnesium castings with 2014-T6 alumi- 
num forgings and C355-T6 aluminum castings. 
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Fig. 22 — Ultimate strength to weight com- 
parison of QE22A-T6 magnesium castings with 
2014-T6 aluminum. 
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year. It can be briefly stated that EK31, with a mini- 
mum yield strength of 19,000 psi at room temperature, 
does not have the potential that QE 22 has with a 
yield of 25,000 psi. 

QE 22 looks like the magnesium casting alloy with 
the brightest future. Considerably more testing of 
QE 22 is necessary along with experience on actual 
parts. There is an indication that a change in heat 
treatment might improve the properties at 400 and 
500 F. Some reduction in the typical yield strength is 
a possibility if this will improve ductility at room 
temperature. Ductility appears to be adequate at 
elevated temperature as this alloy also shows an in- 
crease in elongation at elevated temperature. 


CONCLUSION 


It is hoped that this presentation on properties at 
elevated temperature has proved interesting, and that 
there is also a better understanding of the high 
quality necessary to make magnesium castings more 
competitive. In this development program there will 
be expended considerably more effort to sell the de- 
signers on the idea that these castings are a reality, 
and to provide them with adequate design allowables. 

It should also be apparent that the responsibility 
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600 


700 


of making this high quality a reality rests with the 
foundry industry. The foundries should recognize 
the quality desired, understand what is meant by 
minimum guaranteed properties and then demon- 
strate that it can be done when the new casting de- 
signs specify this quality in the cast part. 

It is necessary to state that these allowables were 
prepared especially for premium quality castings and 
for a specific short-time elevated temperature require- 
ment. This should not keep designers from using the 
curves for standard quality, since these allowables may 
be used for any level of quality simply by applying 
the desired factor. 
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SELECTED PRINCIPLES OF 


SOIL MECHANICS RELATED TO 
SAND TESTING, MOLDS AND CORES 


ABSTRACT 


An attempt is made to relate certain principles of 
soil mechanics to evaluating sand test data. According 
to these principles, if the compression and tensile 
strengths are known there can be only one value for 
the shear strength. A new approach to studying the 
subject of sand flowability is suggested. 


INTRODUCTION 


A search of foundry literature for material relating 
the principles of soil mechanics to the evaluation of 
foundry sand test data and molding practices has, to 
date, proved fruitless. This paper proposes to intro- 
duce some concepts from the discipline of soil 
mechanics, and attempt to illustrate their usefulness 
to the foundryman. 

The green properties of a rammed sand mass are 
to a large extent evaluated by the compressive, ten- 
sile and shear strengths. The major problem is to 
locate data obtained providing such properties. A 
considerable quantity of such data were presented by 
Heine, King and Schumacher.! It is proposed to use 
their data for an entirely different purpose than that 
indicated in their presentation. 

According to certain principles of soil mechanics, 
wherein Mohr’s circles of stress are employed, if the 
compression and tensile strengths are known there 
can be only one value for the shear strength. There- 
fore, at this time, it will be assumed that foundry test 
procedures are sufficiently accurate to provide com- 
pressive and tensile data. 


GRANULAR MASS FAILURE 


It is further assumed that compacted granular soil 
masses are no different from rammed foundry gran- 
ular sand masses. Then, according to Terzaghi? and 
Tschebotarioff,? the failure of such granular masses 
will occur when the principle stresses satisfy the fol- 
lowing equation 


o, = 2C tan (45° + ¢) + o,,, tan? (45° +4 $) 


D. C. WILLIAMS is assoc. Prof., Dept. of Met. Engrg., Ohio 
State University, Columbus. 
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o, = principle vertical stress. 

= principle horizontal stress. 
c = cohesion. 
¢@ = angle of internal friction. 


In sand testing procedures the compressive strength 
is determined upon test specimens in the unconfined 
condition wherein ¢,,,, above, becomes equal to zero. 
Therefore, the compressive strength is 


o, = 2C tan (15° + +) (1) 


To indicate the unconfined condition of the test 
specimen q, is used in place of o,, and equation (1) 
becomes 


Gu = 0, = 2C tan (45° + ¢) (2) 


Terzaghi,* in his Fig. 11, indicates that the diam- 
eter of the circle, C,, “represents the simple tensile 
strength” and is expressed as 


tens = 2C tan (45° - $) (3) 


Then the cohesion of a rammed granular mass can 
be obtained from either equation (2) or (3) as 





C= qu 
o4? \ 
2 tan (45 + +) \4) 


tensile 


— 
2 tan (45 +) 


qu tensile 


c > 
° + ° 
2 tan (45 ¢) 2 tan (45 —_ ¢) 


Tschebotarioff5 points out that 


1 
tan (45°-$) = (7) 


rs) 
° oa 
tan (45 +) 
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Therefore 
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and substituting for tan (45: =%) in equation (6) 


we obtain 
‘. tens tan (45° + $) 
4 = . (8) 
2 tan (45° + +) 


Then 








qu = tens tan? (45° +$) (9) 


tens 


a int tan? (45° +$) (10) 


and 


qu _ compression strength _ ( 04% ) 
tens Vv tensile strength — mee 2 
(11) 


The subject of the flowability of foundry sand mix- 
tures has been investigated intermittently, and for 
those currently concerned it is proposed that they 
consider equation (10) for Terzaghi® points out that 








tan2 (45° + $) = N@, the flow value. 


ANGLE OF INTERNAL FRICTION 


From equation (11) the value of the angle of in- 
ternal friction, ¢, is easily calculated when the com- 
pressive and tensile strengths are known. Table | 
reproduces in columns | through 5 the data pre- 
sented by Heine, King and Schumacher,! while col- 
umns 6 through 14 present calculated values. 

Terzaghi* shows, by the geometry of Mohr’s circles 
of stress, that the line of rupture of a molded gran- 
ular mass will be tangent to circles whose diameters 
represent the tensile and compressive strengths of that 
mass. This tangent line will rise from the horizontal 
axis, and is expressed by the equation 


S = C+ ga, tan (12) 


where S = the shear strength. 
o, = the normal stress along the surface of 
sliding within the molded mass. 


At the point where the tangent line crosses the shear 
or vertical axis C can also be determined. It will be 
noted that the value of C always exceeds that of one- 
half the tensile strength. 


SHEAR VALUES 

The values of shear which must then correspond 
with the accepted test data for the compressive 
and tensile strengths were obtained by constructing 
Mohr’s circles of stress after the manner presented by 
Terzaghi’s Fig. 11 and the shear values read from 
the vertical scale. These shear values will be found in 
column (10) Table 1. 

Many of the theoretical values in column (10) dif- 
fered considerably from the laboratory determination, 
column (5) Table 1. It will be noted that when the 
2 lb rammer weight was used the laboratory values 
obtained for shear strength approached or equalled 
the theoretical values. When the standard 14 Ib ram- 
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mer was used, and the test specimen was given 2 rams, 
the shear value determined in the laboratory did not 
approach the theoretical value quite as well as the 
above described condition for the 2 lb rammer weight. 

Table 2 shows the variation from theoretical values 
for green shear strength for the test data provided by 
Heine, King and Schumacher.! The average devia- 
tion for 3 rams with the standard rammer leaves 
much to be desired. This study points out that in 
order to bring them into alignment with theoretical 
considerations sand testing procedures should be re- 
viewed. It should be recalled that the green compres- 
sive and tensile strengths were accepted initially as 
satisfactory, and consequently the shear values were 
found to vary. 

Any study of test procedures should involve those 
procedures as well as those for shear strength. It 
should be noted that Table 2 is compiled without 
taking note of variations in moisture contents or vari- 
ations in kinds and quantities of clay-minerals used. 


STRENGTHS RELATIONSHIP 


Heine, King and Schumacher! in Figs. 2, 5, 7 and 9, 
show that the relationship between green shear 
strength and compressive strength does not follow 
a straight line. However, from the data of columns 
(3), (4) and (10) of Table 1 it will be found that a 
straight line drawn through the plotted points gives 
a good relationship. The figure is a graph showing the 
relationship between green shear, tensile and com- 
pression strengths. There was a clear separation of 
data, as shown by the lines representing various 
quantities of western and southern bentonites em- 
ployed. 

Referring to columns (9) and (11) of Table 1, it 
will be noted that in general when the difference be- 
tween the theoretical value for shear and that de- 
termined in the laboratory was small, the value of ¢ 
was about 45°. Terzaghi? indicates the maximum 
value for @ does not exceed 50° (and Tschebotarioff* 
although he states values for ¢ at 63° have been 
recorded indicates that unusual conditions were 
present). 

The problem of the cracking of unconfined molds, 
containing cores or not, has always been a problem to 
foundrymen. Likewise, the cracking of unconfined 
green cores and baked cores is still an unsolved prob- 
lem. For a molded granular mass Terzaghi® states 


“Between the surface and depth Z, the active Ran- 
kine state involves a state of tension in a horizontal 
direction. For the ideal plastic material subject to 
investigation it is assumed that a state of tension 
can exist permanently and that a plastic flow can 
take place in the tension zone without causing a 
decrease in the tensile strength of the soil. How- 
ever, in a real soil tensile stresses always lead sooner 
or later to open tension cracks.” 


This state of horizontal tension in a molded mass 
reaches its maximum value at the surface, and con- 
stantly diminishes to zero value at some depth within 
the mass if it is deep enough. If the thickness of the 
molded mass is less than that sufhcient to provide a 
depth Z,, then the entire unconfined mass is in a 
state of horizontal tension. 





TABLE 1— TEST DATA? 





Data of Heine, King and Schumacher! Calculated Values. 





(1) (2) (3) (4) (5) (6) (7) (9) (10) (11) 
Mix ae 
No. Rams qa ; : q,/Tens. Vv q,,/Tens. : S (Diff.) 





5.66 2.375 § 0.9 
5.31 2.301 : J 0.6 
7.38 2.715 9 3 f 3.7 
8.48 2.908 ‘ 32 
10.00 3.160 : 5 J 2.9 


5.84 2.415 
6.00 2.442 
5.85 2.415 
2.921 
2.935 
3.110 


2.275 
2.300 
2.561 
2.778 
3.010 
3.106 


2.360 
2.375 
2.445 
2.745 
3.055 
3.305 


2.254 
2.461 
2.560 
2.775 
3.081 


2.320 
2.399 
2.436 
2.850 
3.205 


2.395 
2.405 
2.558 
2.735 
3.075 


2.415 
2.340 
2.471 
2.760 
3.240 


2.309 
2.446 
2.521 
2.668 
2.640 
2.685 


2.392 
2.420 
2.534 
2.570 
2.450 
2.640 


2.428 
2.505 
2.505 
2.656 
2.768 


2.421 
2.558 
3.520 
3.780 75 
4.170 76 





(continued on next page) 
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TABLE 1— TEST DATA (continued) 





Data of Heine, King and Schumacher! Calculated Values. 


(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Mix 
No. Rams qu : S q,/Tens. Vq,/Tens. 45°+ 9, S S (Diff.) 








16 28° 11.8 4.45 2.106 64 
8 13.8 : 5.99 2.441 67 

12 26.6 ; A 10.22 3.195 72 

28.6 - : 11.00 3.210 72 


11.5 d ‘ 6.21 2.488 68 
15.4 ; : 6.99 2.640 69 
17.3 : ; 7.52 2.740 69 


11.0 R 5.95 2.438 67 

9.5 d d 5.76 2.395 67 
15.2 : . 7.23 2.685 69 
18.5 ; : 8.82 2.965 71 


9.3 d a 5.81 2.408 67 
10.1 ‘ ‘ 5.62 2.368 67 
21.3 d . 5.92 2.434 67 
33.7 . : 6.23 2.495 68 


13.0 ‘ : 6.84 2.610 68 
14.0 a . 6.08 2.461 67 
29.5 \ ‘ 8.93 2.984 71 


12.0 ‘ ; 6.00 2.443 67 
14.1 : . 6.13 2.475 68 
20.5 A ‘ 7.07 2.653 69 
34.0 . 8.19 2.856 70 
43.0 ‘ 10.24 3.235 73 


10.0 : : 5.89 2.421 67 
14.7 ; , 6.39 2.521 68 
18.3 / k 6.77 2.600 68 
24.5 é . 7.65 2.760 70 
35.0 ‘ . 10.00 3.160 72 
42.5 ‘ é 12.49 3.595 74 


10.8 rf A. 7.72 2.775 70 
18.7 : ‘ 11.68 3.415 73 


15.5 J } 7.75 2.780 70 
19.5 ; A 8.13 2.848 70 
22.5 A 10.22 3.195 72 


18.0 , . 7.82 2.792 70 
22.0 4 r 8.80 2.962 71 


17.0 : . 11.34 3.360 73 
10.3 : ' 6.87 2.618 69 

9.5 7 , 6.33 2.515 68 
15.9 ; , 9.35 3.055 71 


9.8 5E : 6.32 2.515 68 
12.1 ; x 5.77 2.398 67 
16.5 M ‘ 6.34 2.516 68 
27.5 : f 7.63 2.76 70 
33.0 F : 9.16 3.02 71 
40.5 ! A 11.24 3.351 73 


& S wh “Ivo = 


2 
8 
9 
13 
19 
2 
3 
5 


27 


_ 
—OAoOnN Ooo @UND 


28 
29 
30 


g = 


Special 


OO 7 Go DO 


q,, = compressive strength, psi. 

Tens = tensile strength, psi. 

S$ = shear strength, psi. 

@ = angle of internal friction. 

S (Diff) = difference between theoretical and determined values (Col. 10 - Col. 5), psi. 

C = cohesion, psi. 

o, = normal stress, psi. 

*No. rams marked with asterisk refer to 2.0 !b-2.0 in. rams, others refer to standard 14 Ib-2.0 in. rams. 

tLaboratory test data (cols. 3 and 4) used to calculate @ (col. 9) and S$ (col. 10) and the comparison of theoretical values of 
S (col. 10) with those determined in the laboratory (col. 5), such comparison given in col. 11. Values for C, ¢» @ are shown because 
of ease of computation. The data in col. 6 is also that of No. 
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Relationship between calcu- 
lated values of green shear 
strength and laboratory 
measured values of green 
compressive and tensile 
strengths! for sand mixtures 
containing 6, 8, 10 and 12 
per cent western bentonite 
and 4 and 8 per cent south- 
ern bentonite. Shear-tensile 
relationship is shown as one 
line (bottom line) as all 
values fell close together. 


§ 


Green Tensile-Compressive Strength psi 
8 8 














2C tan (45 { ¢) 
i,=— a (13) 
Y 
unit weight of the mass but from equa- 
tion (2 


where y 


2C tan (15 + ¢). 


qu 


Z, (14) 
Y 
For those concerned with the cracking of recently 


baked cores and shell molds, it might help solve their 


TABLE 2 — VARIATION OF GREEN SHEAR 
STRENGTH* 





Avg. variation of 
measured values 
from theoretical, 


No, times a 
degree of ram- 
ming was used psi. 


Degree of 
ramming 





2 lb rammer weight 
15 to 45 16 0.33 
14 lb rammer weight (standard) 
l 0.1 
16 0.67 
23 0.9 
1 1.9 
x 2.31 
8 g 2.35 
9 § 1.9 
10 2.15 
1] : 
12 
13 
14 
15 
17 
19 
*Variation in green shear strength, psi, from theoretical, as 
degree of ramming is varied. 





8 
SHEAR - psi 


problems if they would consider together the distance 
Z,, along with the strain theory of hot tearing between 
metal grains, after Bishop, Ackerlind and Pellini, and 
the hot tearing between sand grains in the molded 
masses. 
CONCLUSION 

An attempt has been made to relate certain prin- 
ciples of soil mechanics to evaluating sand test data. 
Certain nonstandard ramming conditions for the 
molding of test specimens enabled investigators to 
obtain laboratory test results closely approaching 
theoretical values, although such an approach to 
theoretical values was not obtained when standard 
ramming conditions were used. It is proposed that a 
study be instigated which will result in better test 
procedures. 

A new approach for studying the subject of flow- 
ability of sands is suggested using the flow value 


N@ = tan? (45 + +) 


Possibly the problem of the cracking of unconfined 
green sand molds can be resolved by considering the 
implications of Z,,. 

The hot tearing of recently baked cores could pos- 
sibly be understood by coupling the implications of 
Z, with strain theory of hot tearing (usually applied 
to alloys). 

REFERENCES 


1. R. W. Heine, E. H. King and J. S. Schumacher, “Green Ten 
sile and Shear Strengths of Molding Sands,” AFS ‘TRANs 
ACTIONS, vol. 67, p. 229 (1959). 

. Karl Terzaghi, Theoretical Soil Mechanics, John Wiley and 
Sons, equation (3), page 22 (1944). 

. G. P. Tschebotarioff, Soil Mechanics, Foundations and Earth 
Structures, McGraw-Hill, equations (7-11), page 134 (1952) 

. Karl Terzaghi, op. cit., page 36. 

5. G. P. Tschebotarioff, op. cit., equation (10-2), page 236. 

. Karl Terzaghi, op. cit., equation (4), page 22. 

. Karl Terzaghi, ibid., page 8. 

. G. P. Tschebotarioff, op. cit. 
. Karl Terzaghi, op. cit., page 37. 


March 1960 





SHELL-MOLDED TEST BARS FOR 
TIN BRONZE CASTING ALLOYS 


by S. Goldspiel, E. W. Chrzan and M. L. Foster 


ABSTRACT 


Shell molding, which has good potential for the pro- 
duction of ready-to-test tensile bars with practically no 
machining quickly and economically, is being investi- 
gated for G, M and Z bronze alloy castings as a method 
to replace current practice of tensile bar production 
which involves machining, time delays and expense. 
For the particular alloy types, the problem is to deter- 
mine the type of pattern and shell makeup which will 
produce as-cast bars having properties substantially 
equivalent or of constant known relation compared to 
those obtained with conventionally specified bars. 

The phases investigated to date include a) correla- 
tion of properties obtained with shell compared to core 
molded bars, b) relationship between temperature of 
pouring and tensile properties for both shell and core 
molded bars and c) determination of the effects of such 
factors as temperature of pour, mold material, alloy and 
pattern type on the equivalency of results obtained 
from actual tensile tests. It is concluded that bars 
poured by different methods are equivalent when the 
macro- and microstructures and soundness are similar. 
The importance of the three factors is in the order 
listed. Indications are that for each alloy type there 
exists a determinable constant relationship between 
the tensile properties for the two bar types at a pour- 
ing temperature of 2000 F and for standardized mold- 
ing practices. Continued work in progress is outlined. 


INTRODUCTION 


Conventional methods for the production of tensile 
test bars for the evaluation of the melt quality of cast- 
ings involves machining time delays and considerable 
expense. Shell molding suggests a potential method 
for producing quickly and economically finished bars 
which require practically no machining. Other ad- 
vantages of using shell molding in the production of 
tensile bars include: 


S. GOLDSPIEL, E. W. CHRZAN and M. L. FOSTER are Super- 
visory Fdry. Met., Material Laboratory, New York Naval Shipyard, 
Brooklyn. 

(Nore: The opinions or assertions contained in this paper are the 
private ones of the authors and are not to be construed as official or 
reflecting the views of the Naval Service at large.) 


modern castings 


Applicability to evaluation 


of melt quality 


a) Variabilities of the mold, such as moisture con- 
tent, permeability, molder, etc., are removed. 

b) The inclusion of dirt in bars due to crumbling of 
conventional mold walls is greatly reduced. 

c) Shell molds can be made up in advance and stored 
in relatively little space without danger of break- 
ing or other deterioration, whereas conventional 
molds are relatively brittle, absorb moisture and 
are difficult to store. 


The tise of shell molds need not be limited to found- 
ries who have shell molding facilities. It is conceiv- 
able that when suitable patterns have been evolved 
for various casting alloys and by various specifica- 
tions, supply houses may stock and furnish shells 
which have been mass produced. It is considered that 
economies of mass production of shells by specialists 
would in a short time make the costs of even small 
quantities of shells to small foundries insignificant 
and competetive with current costs of test bar 
molding. 

In order that the possible advantages of shell mold- 
ing of test bars may be realized in any particular 
application, the major problem is to determine the 
type of pattern and shells which will produce as-cast 
bars having properties substantially equivalent or of 
constant known relation compared to those obtained 
with conventionally specified bar types. The relation- 
ship between results obtained by the two bar types 
must be established in order that its use will not place 
either producer or consumer at an unfair advantage 
or disadvantage, whichever the case may be. 

The phases which must be investigated in any par- 
ticular application include: 


a) Correlation of properties obtained with shells 
compared to core and sand bars under routine 
foundry conditions. 

b) Relationship between temperature of pour and 
tensile properties for both shell and core bars, 
with a view of finding a comparable optimum, if 
possible. 
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c) Determination of pour temperature and shell mold 
makeup which would yield bar properties equiva- 
lent to those obtained by current satisfactory prac- 
tices. 

d) Effect of mold and bar design. 

e) Effect of solidification range of alloys. 

f) Effect of interactions between shells and alloy 
constituents on properties, if any. 

g) Shell back-up vs. cooling rates. 

h) Additives and modifiers to shell investments, if 
necessary, to obviate possible interactions and 
heat transfer differences. 


TIN BRONZE INVESTIGATION 


The Material Laboratory, under the sponsorship of 
the Bureau of Ships, is currently conducting an in- 
vestigation to determine the applicability of shell 
molded test bars in the melt quality inspection of tin 
bronzes, types “G,” “M” and “Z."1.2-3 This is because 
these alloys give good detail with shell molds, and 
represent a major portion of the Yard foundry’s cop- 
per-base alloy casting.* Depending on results of ini- 
tial trials, it is planned, however, that applicability of 
“ready-to-test” as-cast bars will be developed for other 
alloy types as well. 

Based on studies of casting shrinkage, mold dimen- 
sions, radiographic soundness and mechanical han- 
dling problems, the first metal pattern considered for 
shell molds for the current study was designed and 
manufactured in accordance with Fig. 10 of Federal 
Test Method Standard No. 151. The shell molds 
of this pattern were poured simultaneously with 
baked core molds, designed in accordance with Fig. 
12b of the same standard, which are used regularly 
in connection with routine production of tin bronze 
melts. 


*All test heats met the applicable specified chemical require- 
ments, which are listed in Table 4. 


Fig. 1— Photograph showing gating and pattern de- 
sign of core sand (left) and shell (below) molded ten- 
sile bar castings. 


The mold making procedures for the two types of 
patterns are: 


Shell Molds 

Mixture 
1) 200 lb grade A silica sand, AFS 150. 

2) 11\% |b zircon sand, AFS 110. 
3) 131% Ib resin. 

Mulling Time—8 Min. 

Dwell Time—l4 min with pattern plate at 400-450 F. 

Shell Thickness— g-in. 

Curing Time—one min at an oven temperature of 
400-450 F. 

Core Sand Molds 

Mixture 
1) 63 gal grade A silica sand, AFS 150. 

2) 7 qt linseed oil. 
3) 2 gal western bentonite. 

Dry Mulling Time—5 min. 

Wet Mulling Time—4 min, during which linseed oil 
is added and followed by a sufficient amount of 
water for 4 per cent moisture content. 

Baking Time—3 hr, for 2 in. mold thickness, at 
400 F in a gas fired oven. 


Surface Roughness 


The R.M.S. surface finish of tensile bars produced 
by the shell molds is approximately 60, 80 and 120 
microin, for alloys G, M and Z, respectively. The 
increasing roughness in surface finishes in the three 
alloys appears to be related proportionately to a cor- 
responding increase in their lead contents. All shell 
and core sand molded tensile bars utilized in this in- 
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vestigation were free of any objectionable defects as 
determined by x-ray radiography before tensile testing. 

The cast to size shell molded bars and the conven- 
tional oversized, core sand type bar (which is ma- 
chined to size) are shown in Fig. 1. Bars of these types 
were poured at both conventional temperature and at 
variations therefrom, the temperatures being re- 
corded with an immersion type pyrometer. They rep- 
resent melts made in an indirect-arc rocking type 
furnace utilized in shipyard foundry production. This 
report summarizes tensile data accumulated to date 
and makes an analysis of the relationships between 
metallographic structures and tensile results. 

Table 1 shows a comparison of tensile strength 
and elongation properties of shell and core sand 
molded bars poured in the range of 2000 to 2050 F, 
under routine foundry control conditions. The shell 
bars were cast simultaneously with conventional core 
bars used in determining the melt quality of ordi- 
nary production melts. The results show that 


TABLES 1, 2 AND 3—COMPARISON OF TENSILE 
PROPERTIES BETWEEN SHELL AND CORE 
SAND MOLDED TEST BARS AT 
POURING TEMPERATURES 


Table 1— Poured Between 2000 and 2050 F, Under Routine 
Foundry Production Conditions 





Tensile Strength % Elong. in 
in 1000 Psi 2 in. 


No. of “Shell Core Shell Core 


Alloy Type Samples Bars Bars Bars Bars 





46.6 46.3 46.2 41.8 
1.6 1.6 5.8 5.8 


Valve Bronze 36 42.6 43.6 40.1 46.3 
“M” 1.6 1.6 6.9 6.9 


Hydraulic “Z” 38.8 40.1 29.7 34.6 
Bronze 1.3 1.3 6.2 6.2 


Gun Metal “G” 29 





Table 2— Poured Between 2000 and 2050 F, Under Experi- 
mentally Controlled Conditions 





47.3 45.0 54.2 46.2 
3.1 2.9 7.1 8.3 


Bronze 28 431 4836 418 448 
M” 3.1 2.7 8.0 52 


Hydraulic “2” 28 37.2 40.9 23.5 31.3 
Bronze 15 1.0 4.7 4.2 


Gun Metal “G” 28 


Valve 





Table 3— Poured at Optimum Pouring Temperature, i.e. 
1925 F for Alloy “G” and 2000F for Alloys “M” and “Z” 





44.7 45.0 56.1 39.9 
2.6 2.1 9.1 7.5 


Valve Bronze 39.3 40.0 40.3 37.0 
: 2.8 0.5 6.3 2.8 


Hydraulic “Z” 40.3 38.9 30.0 30.3 
Bronze 1.6 1.3 1.8 5.0 


Notes: *X = Average and o = Standard Deviation 


Gun Metal “G” 


** Two samples were tested for each type bar at each of 
7 pouring temperatures ranging from 1900 to 2200 
degrees F. Optimum value is based on a statistical 
analysis of different pouring temperature groups 
showing no significant differences. 
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Fig. 2 — Pouring temperature effect on the ultimate 
strength of tin bronze cast in shell and core sand molds 
and patterns. 


a) The gun metal tensiles for both types of molds 
are equivalent, but the elongation value is appre- 
ciably higher for the shell than for the core 
molded tensile bars. 

b) In the valve bronze alloy, in which the lead con- 
tent is higher than that for gun metal, both the 
strength and ductility values are significantly 


TABLE 4—COMPOSITION SPECIFICATIONS FOR 
ALLOY TYPES “G”, “M” AND “Z” 





. : ” ” _ a. 
Alloy Cu % Sn % Zn % _ Pb % % 9% o 
Type Spec. Max. Min. Max. Min. Max. Min. Max. Min. Max. Max. Max 


G MIL-M-16576 89.0 86.0 9.0 7.5 5.0 3.0 0.30 — 1.0 0.15 0.05 
M MIL-B-16541 89.0 86.0 6.5 5.5 50 30 20 1.0 1.0 0.25 0.05 
Z MIL-B-16444 86.0 84.0 6.0 4.0 60 40 60 40 10 * 0.05 
*as specified 


G 











higher for the core than for the shell molded ten- 
sile bars. 

c) This trend in the valve bronze is also evident in 
the high leaded hydraulic bronze alloy, although 
the results are based on fewer determinations. 


Cast Tensile Bars 


To augment the results shown in Table |. another 
series of tensile bars was cast under experimentally 
controlled test conditions. This was done to elimi- 
nate possible variables associated with daily produc- 
tion operations extended over a several month period. 





In this phase, all of the bars of each alloy were cast 
in individual large melts at a pouring temperature 
range of 2000 to 2050 F. Previous work at the labora- 
tory* and subsequent shipyard production experience 
have shown that this range yields optimum properties 
for tin bronzes, when conventional sand core molded 
bars are used. 

The results of tests on these melts, shown in Table 
2, again indicate that the tin bronze shell molded ten- 
sile bar properties decrease in comparison to those of 
the core molded bars with increasing lead content. 
Thus, at a relatively constant pouring temperature 
of 2000 to 2050 F, the tensile properties of the shell 
molded bars are higher than, equal to and lower than 
those of the core molded bars in alloys G, M and Z, 
respectively. A study of means and deviations of Ta- 
bles 1 and 2 further shows that the routine foundry 
control compares favorably with the experimental 
control used for the test bar heats involved. 


Controlled Pouring Temperatures 


In order to attain comparable tensile properties for 
all three alloys with both types of molds (if possible) 
without appreciable deterioration in optimum values, 
the effect of controlled pouring temperatures was 
next investigated. For each of the three tin bronze 
alloys, three tensile bars were poured in each type of 
mold at each of seven pouring temperatures ranging 
from 1900 to 2200F at 50 degree increments. For 
each pouring temperature and mold condition, two 
bars were utilized for tensile tests and one for metal- 
lographic examination. 

Ultimate Strength. Figure 2 illustrates graphically 
the effect of pouring temperature on the ultimate 
strength. For all three alloys, the tensile strength for 
both types of bars increases generally as the pouring 
temperature decreases. The exception is composition 
Z, which reaches a maximum for the shell bar at 
about 2000 F. For alloy G, the shell bar tensiles are 
substantially equivalent to those of the core bars in 
the temperature range of approximately 1910 to 
2010 F. Outside of this range, the shell tensiles are 
generally better than those for the core bars. 

For alloy M, the shell tensiles are substantially 
equal to those for the core tensiles in the range of ap- 
proximately 1920 to 2020 F. Outside of this range, the 
tensiles (shell) are generally better than the core 
bar tensiles. For alloy Z, shell tensile values are sub- 
stantially equal to those for the core bars over the 
ranges of approximately 1980 to 2070 F-amd 2170 to 
2190 F. The later range need not be considered, be- 
cause the tensiles fall below the minimum specifica- 
tion requirement and because the high temperatures 
in general cause erratic behavior. Outside of these 
ranges, the shell tensiles are generally lower than the 
core tensiles. 

Per Cent Elongation. Figure 3 illustrates graphic- 
ally the effect of pouring temperature on the per cent 
elongation in a 2 in. gage length. For alloy G, the 
elongation for the shell bars decreases generally with 
decreased pouring temperature, while the reverse is 
true for the core bar values. The core bar values are 
generally lower, with the greatest spread occurring at 
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2200 F, and decreasing as the pouring temperature 
is lowered to approximately 1920 F. The elongations 
for both types of bars are substantially the same ove! 
the narrow range of 1900 to 1920 F. 

For alloy M, the shell bar elongation values gener- 
ally increase with decreasing pouring temperature up 
to about 2000 F, and then fall off slightly as the tem- 
perature is lowered toward 1900 F. The elongations 
of the core molded bars generally increase with de- 
creasing pouring temperature. At the higher pouring 
temperatures, the core elongation values are sub- 
stantially lower than the shell values. The spread of 
values is greatest at the high temperatures, decreases 
with lowered pouring temperature and becomes sub- 
stantially negligible in the range of 1960 to 1980 F. 

Beyond this narrow range, where elongations for 
both types of bars are practically the same, the elon- 
gations of the core bars become significantly higher 
than those of the shell bars, as the pouring tempera- 
ture drops toward 1900 F. For alloy Z, the elongation 
for the shell bars increases with lower pouring tem- 
perature to a maximum at about 2050F, and then 
falls again as the pouring temperature is lowered to 
1900 F, at a rate which is somewhat greater than for 
alloy M, as noted above. 

Core Bar Elongations. The core bar elongations 
also increase with decreasing pouring temperature but 
tend to approach a constant value below about 
2000 F. The differences between the elongation val- 
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Fig. 3 — Pouring temperature effect on the elongation 
of tin bronze cast in shell and core sand molds and 
patterns. 
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ues of the two bar types are more erratic than for the 
other two alloy types. The values for both bar types 
appear to be substantially equivalent at about 2010, 
2070 and 2200 F. These temperatures are listed in the 
order of decreasing values of elongation, with the 
last falling below the specification minimum. At 
other temperatures the elongations for the shell bars 
are generally lower than for the core bars. 

The differences between shell and core molded bar 
tensile and elongation values indicated by Tables | 
and 2, which are based on the optimum pouring tem- 
perature of 2000 to 2050 F for core bars, are somewhat 
different when the corresponding values are read 
from Figs. 2 and 3, which represent graphs of tensiles 
and elongations vs. temperature for both bar types. 
This lack of agreement is most likely due to the fact 
that the latter curves are based on only two specimens 
for each temperature. Consequently, it appears de- 
sirable to check the trends indicated in this work by 
establishing the mechanical property vs. pouring tem- 
perature curves with a larger number of samples for 
each temperature. 


Tensile Strength Properties 


The pouring temperatures at which the tensile 
strength properties for both types of bars are highest 
and closest to each other are shown in Table 3, 
which represents a summary of a statistical group 
analysis and lists tensile values and elongations for the 
optimum temperatures of pouring of each of the 
three alloy types. It will be noted from Table 3, 
that at the temperatures for which both bar types 
give practically equivalent tensile strengths, the cor- 
responding elongations differ considerably. 

On the average, the percentages of difference be- 
tween the shell and core elongations for G, M and Z 
alloys are 40, 9 and —1, respectively. In this compu- 
tation, the elongation values for the core bars were 
used as the basis. 

It should be noted that the highest tensile strength 
at which both bar types are substantially equal did 
not fall at the same pouring temperatures for which 
the elongations were equal. This optimum condition, 
then, must be taken as a compromise. It is considered, 
here, that the optimum temperature is the one for 
which the tensile strengths are highest and as nearly 
equal as possible for both bar types. Metallographic 
studies were made in an effort to explain differences 
in tensile properties obtained with both types of mold 
materials and pattern designs, for each alloy type 
poured at various temperatures. 

Particular emphasis was given to establishing rea- 
sons for the considerable spread in values outside of 
the optimum pouring temperature range, i.e., 2000 
and 1925 for alloys G, M and Z as obtained in the 
statistical study summarized in Table 3. 

All of the macro and micro specimens were taken 
from duplicate tensile bars, representing each mold 
type and pouring temperature conditions shown in 
the graphs of Figs. 2 and 3. The macro specimens, 
which were used to study the grain size and solidifi- 
cation characteristics, represent longitudinal center 
sections of whole bars. In this manner, the gage 
length as well as both shank grips were available for 
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study. Alloys G and M macro specimens were etched 
by immersion in a water solution of 30 per cent by 
volume of concentrated nitric acid. Alloy Z specimens 
were macro-etched with ammonium hydroxide plus 
hydrogen peroxide, followed by a ferric chloride 
rinse. Representative macrostructures are shown in 
Figs. 4, 5 and 6. 

The micro specimens were taken from the same 
plane as the macro sections and near the center of 
the gage section, i.e., where the tensile fractures usu- 
ally take place. All of the micro specimens were pol- 
ished with levigated and decanted alumina on silk 
followed by gamal cloth. After wet polishing, the 
specimens were etched in a fresh solution of 50 per 
cent hydrogen peroxide of 3 per cent strength and 
50 per cent concentrated ammonium hydroxide by 
volume. Representative microstructures are shown 
in Figs. 7, 8 and 9 for G, M and Z alloys, respec- 
tively. 


MACROSTRUCTURE 


G Alloy 


Representative macrostructures for alloy G bars are 
shown in Fig. 4. For this alloy type, the grain size in 
the gage section becomes generally smaller with de- 
creasing pouring temperature, for both shell and core 
molded bars. At any given temperature, the grain 
size is larger in the core bars than in the shell bars. 
This is due to both a heavier cross-section of the core 
bar (5£-in. vs. V-in. diameter, respectively), and 
greater insulating effect of the core than of the shell 
molds. 

It is to be noted that for shell molded bars at the 
lower pouring temperatures, of 1950 and 1900F, a 
pronounced chilling effect occurs as indicated by 
the fine grain structure which appears in them. This 
chilling effect starts at one end of the tensile speci- 
men and progresses with decreasing temperatures of 
pouring to the other end. At the lowest temperature 
tested, i.e. 1900 F, it almost traverses the entire spec- 
imen length. The transition from the normal non- 
chilled condition appears to begin at a temperature 
between 1950 and 2000 F. 

Grain Structure. In contrast to this condition for 
the shell molded bars, the core type bars exhibit the 
fine grain structure only at the lowest pouring tem- 
perature, and even then this fine structure is largely 
confined to the gage section. The phenomenon of the 
appearance of two distinctly different grain sizes, 
evident in the shell molded bars, is probably due to 
its pattern (Fig. 1) which, by the design of gating and 
risering, introduces a marked differential in cooling 
rates between parts which are near and remote from 
the ingate. 

The effect of this differential may also be influ- 
enced by the levelness of the mold and is undoubtedly 
exaggerated and, hence, becomes more evident as the 
pouring temperature approaches the freezing temper- 
ature range for a particular rate of pouring and sec- 
tion size. 

Grain Distribution. For both bar types, aside from 
general grain refinement and the appearance of two 
distinct grain sizes after the pouring temperature has 
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reached a certain critical low point, it is to be noted 
that the grain distribution (homogeneity) becomes 
more uniform throughout the section as the temper- 
ature of pouring is lowered. Thus, the two types of 
grains, namely, columnar ones (which predominat< 
at the outer walls) and the more or less equiaxed 
smaller grains (which are more prevalent toward the 
center) at the higher pouring temperatures give way 
to a more uniform distribution of one grain type, 
namely, equiaxed grains throughout the section at 
lower pouring temperatures. 

The effect of grain refinement in tin bronzes is 
generally recognized to be associated with an increase 
in the tensile strength and a decrease in the elonga- 
tion. However, improvement in grain distribution 
(homogeneity) alone is generally considered to in- 
crease both the tensile strength and the elongation. 
The effect of both grain refinement and distribution 
conditions in the case of G metal is to produce a 
general increase in the tensile strength with decrease 
in pouring temperature, as shown in Fig. 2. As far as 
elongation is concerned, the two conditions may lead 
to a high or low elongation depending upon which 
condition predominates. 

As is shown in Fig. 4, the distribution condition fac- 
tor is dominant in the core mold bars with the result 
that the overall effect is an increase in elongation with 
lower pouring temperature. In the shell molded bars, 
however, the grain size condition factor is para- 
mount, and consequently there results a general de- 
crease in elongation with a lowering of the pouring 
temperature. The marked drop in the elongation val- 
ues from 1950 to 1900 F is considered to be due to 
marked changes in grain size within the bars. 


M Alloy 


Representative macrostructures for alloy M_ bars 
are shown in Fig. 5. As with the G alloy, this 
alloy type shows a decrease in grain size with de- 
creasing pouring temperature for both shell and core 
molded bars. However, there appears to be a more 
noticeable decrease for the shell bars than for the 
core bars. Likewise, for the shell bars, the same gen- 
eral chilling effect due to pattern, as discussed for the 
G alloy, also applies. 

With decreasing pouring temperature the effect be- 
gins to appear in the temperature range of 2000 to 
2050 F for the shell bars, and is: again completely ab- 
sent in the core molded bars. In the core molded bars 
at the high pouring temperatures of 2150 to 
2100 F, a centerline condition of small, generally 
equiaxed grains is quite prominent. 

Tensile Strength. The M alloy, regardless of mold 
type, shows a general increase in tensile strength with 
decreasing pouring temperature, as illustrated in Fig. 
2. This is expected because of the general grain re- 
finement which takes place with decreasing pouring 
temperatures. The tensile strength values of the core 
molded bars, poured at temperatures of 2150 and 
2100 F are considerably lower than for the corres- 
ponding shell bars because they have a pronounced 
centerline condition. 

The shell molded bars exhibit generally higher 
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elongations than the corresponding core bars, as 
shown in Fig. 3, because the latter have generally 
poor grain distribution or homogeneity. The differ- 
ences in elongation between the two bar types appear 
to be due to the fact that the improvement in grain 
distribution (or homogeneity effect) is dominant 
over the grain size effect. This follows from the pre- 
viously mentioned difference between these effects, 
namely, that for the distribution effect higher elonga- 
tion accompanies better homogeneity, and for the 
grain size effect, high elongations accompany coarser 
grain structure. 


Z Alloy 


Representative macrostructures for alloy Z are 
shown in Fig. 6. Core molded bars of this alloy 
poured at the higher temperatures of 2100 and 2150 
F exhibit the centerline condition similar to that 
shown by the M alloy. However, in contrast to the 
G and M alloys, this alloy type shows no noticeable 
decrease in grain size for the pouring temperature 
range of 2050 to 1900F. As a matter of fact, the 
shell-type bars show a rather noticeable increase in 
grain size with decreasing pouring temperature. This 
appears to be anomalous. 

Macrostructure. In effect, the macrostructure alone 
for this alloy for both bar types for the six tempera- 
tures of pouring shown does not yield any clear cut 
generalization which would explain the relationship 
to the observed tensile and elongation values. The 
previously mentioned centerline conditions still may 
be used to explain only the lower strength and elon- 
gation for some of the core sand bars in the Z alloy 
set. Consequently, an explanation of the comparative 
properties between shell and core bars for alloy Z was 
sought in a study of the microstructure. 

This mechanism should, of course, also tend to cor- 
roborate the relationship between the macrostruc- 
tures and tensile properties indicated for the other 
two alloy types. 


MICROSTRUCTURE 


The microstructure of both types of bars, for all 
three alloys studied, show some similar trends with re- 
gard to pouring temperature, as. 


a) The distinctly filamentary, cellular and relatively 
large grained dendrites associated with higher 
pouring temperatures change into irregular, less 
clearly defined, smaller grain configurations. 

b) The structure of the shell mold bars, poured at 
the same temperature, is less dendritic and more 
random than that of the core mold bars. 


The microstructures of the Z alloy bars show an 
interesting difference, particularly in the shell molded 
ones, compared to the G and M alloys. They reveal 
porosity which is larger and more localized at the 
higher temperatures of pouring. 


G Alloy 
The microstructures for the G and M bars of both 
bar types, and for all temperatures of pouring, sub- 
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Fig. 6— Pouring temperature, pattern design and mold 
material effect on the macrostructure of “Z” bronze. 
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stantiate the trends in associated tensile and elonga- 
tion properties as related to the macrostructure. For 
the G alloy, as previously indicated, the apparent 
optimum properties were obtained between approxi- 
mately 1900 and 2050 F. The trend for improved ten- 
sile strength, when the alloy is in this temperature 
range, is borne out bv the microstructure (Fig. 7), 
which shows less clearly defined grain shapes and 
more random grain configurations than when the al- 
loy is poured at higher temperatures. However, the 
decrease in elongation values in the shell molded G 
bars poured at temperatures from 2050 to 1900 F is 
not clearly explained by the microstructure and, 
hence, must be largely influenced by the grain refine- 
ment, as induced by chilling effects and revealed by 
the macrostructures. 


M Alloy 

The M alloy bar mechanical properties exhibit the 
same trends as alloy G with regard to microstructure. 
For the three temperatures, for which the represen- 
tative microstructures are shown in Fig. 8, the shell 
molded bars have somewhat better strength properties 
than the core sand bars. Furthermore, for both bar 
types the strength properties improve as the pouring 
temperature is decreased. These effects can be ex- 
plained by the grain configuration (discussed pre- 
viously) as well as by the decreased coring shown by 
the microstructures, particularly at the higher magni- 
fication. 

In general, then, for alloys G and M, the mechan- 
ical properties appear to be intimately linked to the 
microstructure, for a given type of macrostructure as 
influenced by major cooling gradients determined by 
mold, pattern geometry and pouring temperature. 
Specifically, the trends here confirm those shown in 
previous work (largely for the G alloy type),* that 
the optimum properties for an alloy poured at various 
temperatures occur at the temperature where the geo- 
metrical dendritic microstructure transforms to a less 
pronounced random structure. 


Z Alloy 


The differences in Z alloy bar mechanical proper- 
ties, as affected by mold type and pouring tempera- 
tures, which could not be clearly related to the mac- 
rostructures, may be explained by reference to the 
microstructure similarities as well as differences com- 
pared to alloys G and M. Here, the variation in me- 
chanical properties for a particular mold type with 
pouring temperature, as well as between bar types 
for the same pouring temperature, is influenced by 
two factors. These are a) grain type (size and shape) 
and regularity (dendritic configuration) and b) por- 
osity. 

The considerations influencing grain type and reg- 
ularity, previously mentioned, still apply to the Z 
alloy type bars. It is to be noted, however, that the 
increased lead content from G, through M and finally 
Z alloys is accompanied by an increased departure of 
the microstructure from distinctly filamentary, cellu- 
lar and relatively large grained dendrites to irregular, 
less clearly defined, smaller grained configurations. 
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The Z alloy core bars show more random orientation 
as the temperature is decreased, probably as a result 
of the higher lead content. 


Strength Properties 

The strength properties correspondingly tend to 
improve with lower pouring temperature as expected. 
A similar explanation for the relationship between 
the strength properties and the microstructure of the 
Z alloy shell bars does not apply, because in the shell 
molded bars we note the appearance of the micro- 
porosity, which is larger and more concentrated at 
the higher pouring temperatures. In the absence of 
appreciable differences in macrograin structure, as 
affected by chilling, the microstructure, as affected by 
form, size and shape of dendrites and the porosity 
(size and distribution), is the factor which governs 
the ultimate strength and elongation of the Z alloy. 

The size and distribution of the porosity in the 
shell bars, as shown in Fig. 9, would suggest that the 
mechanical properties should be appreciably lower 
than those of the core bars at the higher pouring 
temperatures, and this was found to be the case. The 
porosity in the shell bars is probably a result of the 
cooling mechanism as influenced by the particular 
shell makeup and thicknesses employed. The first 
metal to solidify near the shell surfaces is richer in 
higher melting constituents, so that the metal near the 
core is enriched in the lower melting elements, par- 
ticularly Pb, which is not kept in solution. 

With difficulties in feeding, the last solidifying low 
melting constituent is surrounded by voids, which 
is evidenced in the microstructure as _ porosity. 
Whether the difficulties in feeding are due to pattern 
design or to back pressures, which may be created by 
gases produced by the interaction of the molten 
(Pb rich) metal, is not clear. However, the porosity 
distribution and extent modify the mechanical prop- 
erties normally expected on the basis of micrograin 
size and structure alone. 

In other words, in the case of the shell mold bars 
for the Z alloy, two factors, namely, porosity and mi- 
crostructure, interact to influence the mechanical 
properties. It appears that the best combination of the 
two exist at a pouring temperature in the vicinity of 
2000 F, as evidenced by Figs. 2 and 3. 


DISCUSSION OF RESULTS 


The data of this work indicate that, in general, the 
mechanical properties of two tensile test bars pro- 
duced by different methods can be made equivalent, 
if their macro, microstructures and soundness are 
practically alike. The attainment of such equivalence 
is dependent on the following factors, in the order of 
importance, as qualified: 


a) The macrostructure affects the equivalence of re- 
sults primarily by influencing the grain size and 
distribution. Generally, fine grain structure and 
uniform distribution result in best properties. 
The pattern type and section size affect the mode 
of solidification and, hence, the macrostructure. 
If critical temperature gradients are introduced 
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Fig. 8 — Pouring temperature, pattern design and mold 
material effect on the microstructure of “M” bronze. 
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by marked differences in mass, from one end of 
the bar to the other, as in the case of the shell 
mold bar, the macrostructure may be greatly af- 
fected, particularly at low pouring temperature. 

c) Mold makeup and thickness must be such as to 
introduce equivalent cooling (from the same tem- 
perature of pouring) in order to yield equivalent 
macrostructures. If this cannot be readily achieved, 
comparable pouring temperatures must be estab- 
lished empirically. 

d) Microstructure. For equivalent macrostructure (as 
affected by the pattern and section size and mold) 
the microstructure is determined by the alloy 
type, solidification range and pouring tempera- 
ture. Irregular, less clearly defined and smaller 
grain configurations, in general, produce better 
tensile properties. The wider solidification range 
alloys require lower temperatures of pour to 
achieve such microstructures. 

e) Soundness. The optimum soundness of a bar de- 
pends on the solidification'range, temperature of 
pour and lead content. The control of porosity 
in the higher lead Z alloy, requires a critical com- 
bination of temperature of pour and rate of cool- 
ing because a) with shell mold cooling (which is 
faster than core mold) and a high superheat pour- 
ing, the lead enriched centers will shrink upon 
solidification, and leave voids and b) at low su- 
perheats of pouring, the section will be improper- 
ly fed, and again could have voids. For alloys G 
and M, the temperature of pour must be com- 


patible with cooling merely to the extent that 
the mold is filled without concurrent excessive 
grain growth. 


Even though the statistical analysis of Table 3 in- 
dicated that the optimum pouring temperature was 
1925 F (by interpolation) for alloy G and 2000 F for 
both alloys M and Z, it is considered that (in the 
light of the above discussion) a pouring temperature 
of 2000 F is a practical compromise for all three alloy 
types. A pouring temperature of 1925 F is considered 
impractical because it is accompanied by a chilling 
effect, which produces a macrostructure with zones of 
two distinctly different grain sizes. The preference for 
the 2000 F pouring temperature for alloy G is sub- 
stantiated by the macrostructures of Fig. 4. 

Thus, while the tensile properties of both shell 
and core bars for alloy G are practically equivalent at 
both 1900 and 2000 F, the macrostructure of the two 
types of bars is considerably different for the former, 
and practically the same for the latter pouring tem- 
perature. The choice of the 2000 F pouring tempera- 
ture is also justified by the fact that the strength 
values are above the minimum specification require- 
ments for all three alloy types. 


CONCLUSIONS 


The following tentative conclusions may be made 
at this time, subject to further confirmation. 

The values, obtained from both bar types under 
routine foundry control conditions, compare favor- 
ably to bars made under experimentally controlled 
conditions. 
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The effect of mold type (shell vs. core) on the 
relationship between tensile properties and pouring 
temperature was not clearly established because a) 
the number of specimens used for each pour temper- 
ature was too small, and b) the bars used in each 
mold type were different in pattern and size. 

For the two bar types used in this investigation, 
(namely, the LTB for shell molds and the Webbert 
type for core molds), the optimum temperature of 
pour is 2000 + 25 F. At this temperature, the tensile 
values are essentially equivalent, although the elonga- 
tions are different. 

For practical purposes, pending the establishment 
of molds and patterns which give equivalent results 
for both tensiles and elongations, the correlation be- 
tween elongations for constant tensiles at a pouring 
temperature of 2000 F will be determined. 

The shell bar used in this investigation develops 
properties significantly above specification require- 
ments, and is sufficiently discriminating for all alloy 
types (even though the tensile properties are not 
identical to those obtained from conventional bars) 
to justify its use as a tentative inspection test bar in 
the New York Naval Shipyard foundry, where the re- 
sults are under Material Laboratory surveillance and 
which may be correlated with conventional bar re- 
sults in the continuing investigation. 


FUTURE WORK 


Additional work to establish definite statistical ra- 
tios between mechanical test results for the two mold 
types at 2000 + 25F is underway. To evaluate the 
interaction between mold types and bar pattern on 
differences in mechanical properties arrangements 
have been made to mold both pattern types in both 
mold materials. All tests will be made with a larger 
number of samples than used in the work reported 
herein, in order to develop the normal spread in 
tensile values obtained from bars representing the 
same heat. 
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GRAY CAST IRON 
CHARPY IMPACT TEST 
AND IMPACT MODULUS 


by Albert de Sy 


ABSTRACT 


Information is given on an international-research pro- 
gram dealing with the impact test on flake graphite 
cast iron. 

This research is undertaken at the request of the 
Working Group’s Panel of the International Committee 
on methods of testing cast iron. 

The author (chairman of said International Commit- 
tee) reports the results of his own research work as a 
participant and of further experiments ahead of the 
international program. In doing so he wishes to state 
that he is acting as a private research man, and that 
the responsibility of the International Committee is not 
engaged at all. 

The results of the author’s experiments undertaken 
at the request of the International Committee show 
that the impact test on gray cast iron is associated 
with a scatter of some 4 to 12 per cent, the former cor- 
responding to the softer iron grades, and the latter to 
the high strength iron grades. 

These results are in good agreement with those ob- 
tained in other participating laboratories. 

Anticipating future work of the Working Group’s 
Panel, the author has investigated the impact test on 
different test pieces belonging to the proportional series 
L=5D+1D, where L is the total length of the un- 
notched cylindrical test piece, 5 D the distance between 
supports and D the diameter. In doing this the author 
wanted to study the correlation between impact test 


results obtained on the 20 mm test piece and those ob- 
tained on any other test piece belonging to the propor- 
tional series L—=5D+ 1D. 

This problem is important. If a certain test piece, 
for example the 20 mm test piece, is adopted as inter- 
national standard we have to deal with the problem of 
measuring the impact resistance of gray iron in the 
castings and in particular in castings too thin to permit 
the machining of a 20 mm test piece. On the other 
hand it is worth while to state that the A.S.T.M.-A. 
37/54 test piece nearly belongs to the proportional 
series L=5D+1D. 

The results obtained by employing different but 
proportional test pieces may readily be compared, pro- 
viding they are expressed in terms of energy of rupture 
per unit of volume which seems to be a characteristic 
of the material and which the author proposes to call 
“impact modulus.” 

Further experiments dealt with in this paper concern 
the accuracy of the results of the impact test, and, 
more in particular, the influence of the ratio of utili- 
zation of the available energy and the influence of the 
speed at impact or striking velocity. 

The experimental study of those two factors of in- 
fluence shows clearly that they have to be taken into 
account. The ratio of utilization of the available 
energy should be at least some 40 per cent and the 
striking velocity should be kept within reasonable 
limits. 





PRELIMINARY NOTE 


The problem of an impact test suited for gray 
cast iron is being studied by the International Com- 
mittee of methods of testing cast iron with the aim 
of making a final proposition to be submitted to the 
International Organization for Standardization, Tech- 
nical Committee 25, Cast Iron (ISO/TC25). 

The author, who is President of said International 
Committee and of its Working Group’s Panel, is 
giving his personal opinion and wishes to state that 
the responsibility of the International Committee 
on methods of testing cast iron is not at all engaged. 


A. DESY is Prof., Head of Met. Dept., University of Ghent, 
Belgium. 
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The results reported in this paper will be studied 
by the International Committee and discussed on the 
occasion of its next meeting during the 27th Interna- 
tional Foundry Congress in 1960 in Ziirich. 

In publishing this article in an American Journal, 
the author primarily wants to inform American found- 
rymen of what is actually being done in Europe 
with the hope to reach an international agreement 
on impact testing of cast iron as already reached 
for tensile strength and hardness testing. 


INTRODUCTION 
During the meeting of the International Commit- 
tee on Methods of Testing Cast Iron held in Stock- 
holm on Aug. 21, 1957, it was agreed that, among 





others, impact testing of gray cast iron was necessary 
and should be standardized internationally. Conse- 
quently the International Committee made a world. 
wide inquiry about existing methods, test pieces and 
standards. The committee came to the conclusion 
that there exists a large variety of test pieces and 
methods applied in different countries, that the re- 
sults of different tests can not be readily compared 
and that, except for the U.S.A., Great Britain and 
France, national standards do not exist. 


Soon after the Working Group’s Panel of the In- 
ternational Committee started to work and, during a 
meeting held in Paris in Dec. 1958, came to the con- 
clusion that our knowledge about, and our experience 
on, the impact test applied to cast iron was insufficient 
to allow this panel to make a proposition that could 
be considered as a first approach of a project for in- 
ternational standardization. Consequently, it was de- 
cided that the impact test should be studied on a 
basis of international collaboration, and according to 
the recommendations made by the Working Group's 
Panel, after a board review of the different existing 
methods and test pieces. 


Types of Metal Tested 


The national delegations present at the Paris meet- 
ing agreed to cooperate, and tests were carried out in 
Belgium, France, Germany, Great Britain, Italy and 
Switzerland on the following basis: 


“The study shall deal with 3 grades of flake graphite iron 
belonging respectively to the classes 15, 25 and 35 (character- 
ized by the tensile strength minima: 15, 25 and 35 kg/mm2; 
1.S.0.-recommendation). To secure homogeneity of each iron 
group, all the test bars (cylindrical bars, standardized on the 


( : , 
as-cast 30 z : mm diameter) of the corresponding grade shall 


be cast from the same ladle of metal. 

“The method applied shall be the Charpy method on an 
unnotched cylinder machined from the as-cast 30 mm bar. 

“The test pieces adopted for this experimental study shall 
be: 

Type A: 20 mm diameter — 100 mm between supports and 

110 to 120 mm total length (This test piece was 
preferred by the Working Group's Panel because 
the as-cast (30 mm) and working sections (20 mm) 
are the same as those of the tensile test pieces 
adopted by L.S.0.). 
A.S.T.M. - A. 37/54 test piece (This test piece was 
also retained notwithstanding the fact that most 
of the European laboratories do not have the 
testing machines suitable for this test piece and 
merely because this test piece is already standard 
ized in the U\S.A.). 

“Other information required included: available energy of 
the pendulum, projection of the fragments of the broken test 
piece, speed at impact, etc. 

“Finally, to conclude this abstract of the adopted program 
for the experimental study, it should be said that, in each 
laboratory and for each grade of iron, sufficient as-cast test bars 
should be available for machining at least: 

5 tensile test pieces (the standardized @ 20 mm type A or 
type B test piece). 

50 impact test pieces type A or type B. 

“50 impact test pieces was indeed considered as a minimum 
in view of the statistical study of the results.” 


The results obtained in the laboratories of the 
different cooperating countries are now available, but 
because of the personal character of this paper the 
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author wants to deal only with results of his own ex- 
periments. 

Moreover, at this stage it is of doubtful value to 
compare results obtained on different irons (although 
of approximately the same tensile strength) and with 
different testing machines. 


Results Available 


In asking different laboratories to carry out experi- 
ments on impact testing of cast iron according to the 
above abstracted program, the main aim of the Work- 
ing Group’s Panel was to get precise information on 
the scatter associated with this type of impact test 
on Cast iron. 

Fortunately, the scatter was less than expected; al- 
though pendulums of quite different construction, 
with different speeds at impact were employed, the 
scatter calculated on at least 50 results varied be- 
tween the extreme limits of some 3.5 and 12 per 
cent, the lower limit generally corresponding to the 
softer grades of iron and the higher limit to the high 
strength irons. 

The results obtained at the author's laboratory 
represent a fairly good average of all the results and 
therefore it is worth while to report them in this 
paper. The author is of the opinion that it is highly 
desirable to publish the results in decimal units, and 
wants to apologize for doing so; however the final 
and most significant results will also be given in ft-lb 
units. 


RESULTS OBTAINED AT THE 
AUTHOR’S LABORATORY 


For each one of the 3 classes 15, 25 and 35, a heat 
of some 110 kg (240 Ib) was prepared in a high 
frequency induction furnace (2000 cycles). 

The composition and the physical properties of the 
3 corresponding melts are given in Table 1. 


TABLE 1 





Tensile 
(5/ strength 
Si, Mn, r. S, uu, 750/ kg/ 1000 
% % %, % A 15) mm2 psi 
1.88 0.64 0.065 0.060 176 19.1 27.16 


163 0.65 0.070 0.060 207 «30.1 42.80 
166 0.65 0.050 0.050 259 40.1 57.02 








The melts 1, 2 and 3 were cast in @ 30 mm test 
bars from which the tensile and impact test pieces 
were machined. All impact test pieces were of the 
type ¢ 20 — 100 — 120 mm. 

The impact tests were carried out on a small pen- 
dulum of 3 kgm potential energy and a speed at im- 
pact of 4.32 m/sec. This pendulum is characterized 
by a large gap (200 mm) between the stands; dis- 
tance between supports can be regulated from 30 to 
120 mm. 

Table 2 gives complete information on the results 
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obtained directly from the measurements and _ indi- 
rectly from the statistical analysis. 


TABLE 2 


the measurements and from thg statistical analysis is 
given in Table 3. 


TABLE 3 





E,:energy of 


rupture Standard 


extreme avg. devia- 

No.of values, values, tion, 

Melt impact kgcm kgem kgem 
no. tests (ft-Ib) (ft-lb) — (ft-Ib) (ft-lb) Y, 





Confidence 
limits (0.95), 
kgcm _ Scatter, 





E_: energy of 


rupture Standard 


Test extreme avg.  devia- 
piece No.of values, values, tion, limits (0.95), 
diameter impact kgcm kgem kgcm kgem _ Scatter, 
inmm _ tests (ft-lb) (ft-lb) — (ft-Ib) (ft-lb) / 





Confidence 





1 63 121-1538 «141.7 6.66 =—-:141.7+13.05 4.7 
(8.75-11.07) (10.25) (0.48) (10.25+0.94) 


50 206-295 245 20.55 245+40.2 8.39 
(14.90-21.34) (17.72) (1.49) (17.72+2.91) 


50 157-289 233 26.3 233+51.5 11.28 
(11.36-20.90) (16.85) (1.90) (16.85+3.72) 





From these and other results it is clearly apparent 
that the scatter increases with the strength of the iron; 
this also applies for the tensile strength as is well 
known. However the scatter on impact tests is dis- 
tinctly greater than on tensile tests and in order to 
get the same order of accuracy one has to compare 
the average result of some four impact tests with the 
result of a single tensile test. 


Further Research Needed 


But before proposing any standardization of an 
impact test for gray cast iron, a lot of further re- 
search work remains to be done. For example: 


How to compare the results on different test pieces 
providing they belong to the proportional series 
L=5D+1D? 


What is the influence of excess available energy? 


What is the influence of different values of the speed 
at impact or striking velocity? 


Undoubtedly those three questions must be an- 
swered before making a final proposal, and the Work- 
ing Group’s Panel of the International Committee on 
methods of testing cast iron is well aware of this 
necessity. 

Anticipating future work of the Working Group’s 
Panel by making a series of orientation tests the pres- 
ent author tries to give a first approximate answer 
to the above mentioned three questions. 


COMPARISON OF RESULTS OBTAINED ON THE 

SAME IRON BY EMPLOYING DIFFERENT BUT PRO- 

PORTIONAL TEST PIECES FROM THE PROPORTION- 
AL SERIES L=5D+1D 


A new heat of class 35 iron was prepared in a high 
frequency induction furnace and cast in @ 30 mm 
test bars. 


Test piece diameters adopted were 20, 18, 16, 14 
and 12 mm, and 15 test pieces of each diameter were 
machined from the as-cast 30 mm test bars. 

Chemical composition and physical properties of 
this iron (Melt 5) are given in Table 5. 

Complete information on the results obtained from 
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Melt 5 
20 : 184-248 217 19 
(13.31-17.94) (15.70) (1.37) 
136-189 164 16.8 +32. 
(9.84-13.67) (11.86) (1.22) (11.86+2.38) 
94-119 100 6.7 100+ 13.1 
(6.80-8.61) (7.23) (0.48) (7.23+0.98) 
64-89 75 7.1 75+13.9 9.5 
(4.63-6.44) (5.42) (0.51) (542+1.01) 
39-56 47 5.1 17+10 10.9 
(2.82-4.05) (3.40) (0.36) (3.40+0.72) 





These results were obtained by using the same 
pendulum of 3 kgm or 300 kgcm; this is the potential 
or total available energy (E,) of the pendulum. 

It thus appears that the ratio of utilization of the 
available energy (E,/E, : energy of rupture or ab- 
sorbed energy divided by available energy) varied 
between fairly large limits: 

E,/E, = 217/300 = 72 per cent in average for the 
¢@ 20 mm test pieces. 
E./E, = 47/300 = 15.7 
¢@ 12 mm test pieces. 


per cent in average for the 


The influence of the ratio E,/E, or the influence of 
excess energy will be studied further. 


Results Comparison 


But how can we compare results obtained on pro- 
portional test pieces? In trying to solve this problem 
we have merely in mind the comparison of results 
obtained on a 20 mm ¢— 100 mm span — 120 mm 
total length test piece which has a serious chance to be 
adopted as international standard and the American 
standard test piece (l1l4-in. diameter; 6 in. span; 
A.S.T.M. A. 37/54). 

This test piece does not fit in the proportional series 
L=5D+1D, but it would require only a small 
change to fit in this series; for example: 


1l4-in. diameter — 554-in. span — 634-in. total length. 


At this stage it appears desirable to point out that 
the author did not have the facilities to compare the 
results on ¢ 20 mm and I1,-in. test pieces, not be- 
cause of lack of a pendulum with sufficient energy 
level but only because those European pendulums, 
specially built for impact tests on steel, have neither 
a sufficiently large gap between the stands nor a 
sufficient span width. si 

For this reason we could only start with the 20 mm 
test piece and come down to smaller dtameters. 





The energy absorbed in an impact test of the type 
considered here is the sum of: 


1) The energy of rupture comprising the energy of 
elastic and of plastic deformation up to the first 
small crack and followed by the brittle rupture 
energy. This brittle rupture already initiated by a 
small crack at the end of the plastic deformation 
occurs as a result of piled up stresses and con- 
sequently requires practically no external energy. 
the projection energy of the fragments of the 
broken test piece. 
other energy losses such as those resulting from 
hitting of the hammer by the fragments or jam- 
ming of the hammer. 

From this one may derive the following general 
equation: 


E=E,+E,+E, 


where 
= total energy absorbed and measured. 
E, = real energy of rupture. 
E, = energy of projection. 
E, = other energy losses. 


When using a pendulum adapted for this special 
test and taking the necessary precautions, E, may be 
zero and E, may be kept at a low value by the cor- 
rect choice of E,. 

It thus appears that, as a first approach one may 
put the following equation: 


gE = &. 


But E, as defined above is proportional to the volume 
of the test piece (between the supports). Consequently 
admitting E = E,, and putting the results in terms of 
energy of rupture E, per unit of volume V, one is able 
to compare results obtained on various proportional 
test pieces of the series: L=5D+ 1D. 

For melt 5 the result of this comparison is shown 
in Table 4. 


TABLE 4 





E_/V:impact 
E,:energy of rupture modulus 


(avg. of 15 tests) 


Test pieces 





diameter, span, V:volume, kgcm ft-lb 


mm cm3 kgcm ft-Ib cm3 in.3 
100 $1.42 217 15.70 6.91 8.15 
90 22.88 164 11.86 7.16 8.45 
80 16.09 100 7.23 6.21 7.33 
70 10.75 75 5.42 6.98 8.24 
60 6.77 47 3.40 6.96 8.21 











IMPACT MODULUS 


From the results shown in Table 4, it appears that 
in considering the ratio E,/V we are dealing with a 
characteristic of the material and not a kind of result 
depending in the first instance on the particular shape 
and on the dimensions of the test piece. This is in- 
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deed the case for the Charpy V-notch or keyhole notch 
test pieces or any other notched test piece employed 
for impact tests on steel. 

Therefore, the author has suggested that the result 
of the impact test on cast iron should be expressed in 
terms of energy of rupture per unit volume, and that 
the ratio E,/V should be called “impact modulus.” 

Adopting kgcm/cm® or ft-lb/in.* as units, the im- 
pact modulus of flake graphite cast iron will vary 
between some 3 and 8 kgcm/cm® corresponding to 
some 3.55 and 9.50 ft-lb/in.* It should thus be easy 
to relate the toughness level of a gray iron correspond- 
ing to a given value of the impact modulus. 

If we had never to deal with impact resistance 
measurements of cast iron on test pieces other than 
the standardized one, we could indifferently express 
the results in terms of energy of rupture per unit 
volume or simply in terms of energy of rupture. 


Impact Resistance Measurement 


But what about the measurement of the impact 
resistance of cast iron in castings of any dimensions 
and wall thicknesses? 

Suppose we want to measure the impact resistance 
of the iron in a casting with a wall thickness of 18 mm 
(34-in.). From this casting we cannot machine a stand- 
ard test piece but we can machine a 15 mm (5,-in.) 
diameter test piece belonging to the proportional 
series L=5D+ 1D. Suppose such a test piece has 
an energy of rupture of 72 kgcm (5.21 ft-lb). 

What does it mean? How do we compare that value 
with the one we would have obtained on the 20 mm 
diameter standard test piece? 

It is clear that such a result does not permit a quick 
estimation of the impact resistance level of the iron 
in the casting. On the contrary, if we express the 
result in terms of energy of rupture per unit volume 
we have immediately a comparison with the standard 
test. 

Indeed, the 72 kgcm (5.21 ft-lb) correspond to the 
impact modulus value of 5.64 kgcm/cm* (6.66 ft-lb/ 
in.*). 

We thus believe that it is not only justified scien- 
tifically, but also desirable from a practical point of 
view to express the result of the impact test on un- 
notched cylindrical cast iron test pieces in terms of 
energy of rupture per unit volume and to adopt the 
expression “impact modulus.” 


INFLUENCE OF EXCESS AVAILABLE ENERGY 


It has already been pointed out that, if no pre- 
cautions are taken, the ratio of utilization of the 
available energy E,/E, may vary between fairly large 
limits and consequently may affect the accuracy of 
the result. 

If E,/E, = 0.95, practically no energy remains avail- 
able for projecting the fragments of the broken test 
piece. On the other hand, if only some 10 per cent of 
the available energy is used much energy remains and 
part of it may be lost as projection energy and in- 
cluded in the result : E = E, + E,. 
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To study the influence of the ratio E,/E, on the 
value of the measured impact modulus one has to 
keep constant all factors of influence except the ratio 
E,/E,. This has been done in the series of tests on 
test pieces of melt 5, and it does not appear that 
E./V increases with decreasing ratio E,/E, as one 
should logically expect. 

In order to get more information 2 supplementary 
heats were prepared. They are melts 6 and 7. Chemi- 
cal composition and physical properties of melts 6 
and 7 are shown in Table 5 together with those of 
melt 5 already studied. 





Hg Tensile 
(5/ strength 
750/  kg/ 1000 
15) mm? psi 
250 382 54.32 
189 223 31.71 
206 34.1 48.49 








For both melts 6 and 7 test pieces of 20, 17.5, 15 and 
12.5 mm diameter were again machined from the 
30 mm as-cast test bars and broken with the 3 kgm 
pendulum. The results obtained directly from the 
impact tests, and those obtained from statistical 
analysis, are shown in Table 6 ¢for the results on melt 


5, see Table 3). 


TABLE 6 





E,: energy of 
supanee Standard 
Test extreme avg. devia- Confidence 
piece No.of values, values, tion, limits (0.95), 
diameter impact kgcm kgem kgcm kgcm _ Scatter, 
inmm _ tests (ft-Ib) (ft-lb) — (ft-Ib) (ft-Ib) % 


Melt 6 
20 12 








132-165 158 9.2 158+18.1 6.02 
(9.55-11.98) (11.07) (0.67) (11.07+1.31) 
92-122 108 8.9 108+17.5 8.27 
(6.65-8.22) (7.81) (0.64) (7.81+1.27) 
15 12 64-78 72 48 72+94 6.68 
(4.63-5.64) (5.21) (0.35) (5.21+0.68) 


12.5 12 34-49 42.7 4.4 42.7+86 10.3 
(2.46-3.54) (3.09) (0.32) (3.09+0.62) 


17.5 12 


12 210-260 232 15.8 232+309 6.81 
(15.19-18.81) (16.78) (1.14) (16.78+2.23) 

12 140-180 163 10.4 163+204 6.38 
(10.13-13.02) (11.79) (0.75) (11.79+1.48) 

1] 87-120 101 12.2 101+23.9 12 
 (6.29-8.68) (7.31) (0.88) (7.31+1.73) 


1] 49-70 57 7.7 572-15.) 135 
(3.54-5.06) (4.12) (0.56) (4.12+1.09) 





From these results it is easy to calculate the values 
of the impact modulus for the different test pieces 
from melt nrs 6 and 7. These results are shown in 
Table 7. 
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TABLE 7 





E,:energy of rupture E,/V:impact 

(avg. of 12 or A 

diameter, span, V:volume, 11 tests) kgcm ft-lb 
mm mm cm3 kgcm ft-Ib cm3 


Melt 6 
20 100 31.42 153 11.07 4.87 
17.5 87.5 21.04 108 7.81 5.11 
15 75 12.72 72 5.21 5.64 
12.5 62.5 7.36 42.7 3.09 5.79 


Melt 7 
20 100 31.42 232 16.78 7.39 
17.5 87.5 21.04 163 11.79 7.72 
15 75 12.72 101 7.31 7.93 
12.5 62.5 7.36 57 4.12 7.73 


Test pieces modulus 











Coming now to the problem of the influence of 
the amount of excess energy, it is desirable to put 
the results in such a way as to make this influence 
clearly apparent. 

This is done in Table 8 where the ratio of utiliza- 
tion of the available energy (E,/E,) is related to the 
value of the measured impact modulus (E,/V) ex- 
pressed in the two unit systems : kgcm/cm® and ft-lb 
in.’ 


TABLE 8 





diam- E,:avail- E,:energy E_/V:impact 

eterof able of modulus 
piece, energy, rupture ratio kgcm / ft-lb/ 
mm kgcm kgcm E/E, cm3 in3 


20 300 217 0.72 6.91 8.15 
18 $00 164 0.55 7.16 8.45 
16 300 100 0.33 6.21 7.33 
14 300 75 0.25 6.98 8.24 
12 47 0.16 6.96 8.21 


300 
20 300 153 0.51 4.87 5.75 
17.5 300 108 0.36 5.11 6.03 
15 300 72 0.24 5.64 6.66 
12.5 300 42.7 0.14 5.79 6.83 
300 
300 
300 
300 





20 232 0.77 7.39 8.72 
17.5 163 0.54 9.11 
15 101 0.34 93 9.36 
12.5 57 0.19 9.12 





For the relative low strength iron melt 6, the results 
show a quite regular increase of the impact modulus 
values with decreasing ratio of utilization of the 
available energy. 

For the high strength iron melts 5 and 7, there is 
much more scatter and the same general trend is not 
(melt 5) or not distinctly (melt 7) apparent. But one 
should not forget that flake graphite iron is section 
sensitive, and in operating on test bars with different 
diameters (20 to 12 mm) all machined out of the same 
as-cast diameter (30 mm), more or less different struc- 
tures are involved and this influence may overlap 
the influence of the ratio of utilization of the avail- 
able energy. 

One should therefore ideally operate on test pieces 





with constant diameter but with pendulums of in- 
creasing available energy. At the present this is im- 
possible because we do not have such a series of 
pendulums, On the other hand adapting the available 
energy of a given pendulum by varying the falling 
height is not permissible because, in doing so, the 
striking velocity varies. 

In conclusion it may undoubtedly be statéd that 
the ratio of utilization of the available energy affects 
the result and therefore the ideal should be to operate 
at constant ratio of utilization of the available energy. 

This is impossible because E, being an imposed 
characteristic of the pendulum and E, being unknown 
in advance. The best we can and we should do is to 
select the pendulum to be sure that the ratio of 
utilization be at least 40 per cent; thus E,/E, should 
be kept within the limits 0.4 to 1. 


INFLUENCE OF STRIKING VELOCITY 


In order to study the influence of the striking 
velocity one should of course keep constant all factors 
related to the material, to the test piece and to the 
test itself and vary only the striking velocity. 

This looks extraordinary simple, but again the prac- 
tical realization is quite impossible because we do 
not dispose of a series of pendulums of the same 
potential energy and different speeds at impact, for 
example from | to 6 m/sec. 

However by changing the falling height of the 
hammer, and thus obtaining different values of the 
striking velocity, and adapting then the diameter of 
the test piece in order to keep the ratio of utiliza- 
tion of the (modified) available energy nearly con- 
stant, the program appearing in Table 9 could be 
realized. 


TABLE 9 





available 
energy 


length 


diam- of the 


TABLE 10 





melt 8 


melt 9 


melt 10 





striking 
velocity, 
in 
m/sec E,/E, 


E./V:im- 


pact 


modulus, 
kgcm /cm3 


ft-lb 
in.3 


E./V:im- 


pact 


modulus, 
kgcm /cm3 
ft-lb 


E,/E, ( in.3 


“r 


E./V:im- 
pact 
modulus, 
kgcm /cm3 


ft-lb 
in.3 





1.7 _ 


0.59 


5.57 
(6.57) 
5.44 
(6.42) 


6.03 
(7.12) 
6.49 
(7.66) 


0.52 


0.46 


0.47 


4.35 
(5.13) 
4.36 
(5.14) 
4.48 
(5.29) 
4.55 
(5.37) 
4.71 
(5.36) 


0.87 


0.78 


7.20 
(8.50) 
7.40 
(8.73) 
7.10 
(8.38) 


7.86 
(9.27) 
9.04 
(10.67) 





(E,) 
striking 
velocity 

in lum, 
m/sec kgcm 


of the 
pendu- 


eter 


of the 


test 


piece, 


mm 


test 
piece 
. = 


5D+1D, 


mm 


number of 


tests 





melt 
8 


melt 


9 


melt 
10 





static bend- 
ing test 


46 
100 
144 
300 
300 
1060 


20 
10.9 
13.9 
15.65 

20 

20 
30.45 


120 
65.4 
83.5 
94 

120 
120 
183 


2 
15 
15 


15 
15 





By making use of three different pendulums and 
test pieces of diameters from 10.9 to 30.45 mm ma- 
chined from as-cast test bars of 30 mm (and 33 mm 
for the 30.45 mm test bars) we were able to vary the 
striking velocity between 1.7 and 4.74 m/sec. 

The results of this experimental research are sum- 
marized in Table 10. 


In this series of tests the influence of the variation 
of E,/E,, i.e., the ratio of utilization of the available 
energy, may certainly be neglected; indeed from pre- 
vious experiments we know that its influence is small 
for values of this ratio comprised between 0.4 and 1, 
and moreover the variation of E,/E, was simall: 


from 0.57 to 0.68 for melt 8. 
from 0.46 to 0.52 for melt 9. 
from 0.75 to 0.94 for melt 10. 


The general tendency shown in Table 10 corre- 
sponds to increasing values of the impact modulus for 
increasing striking velocities. This tendency is not 
apparent for striking velocities from 1.7 to 3.63 m/sec, 
but becomes clearly apparent for striking velocities 
above 4 m/sec. 


CONCLUSIONS 


The impact test on unnotched cylindrical gray cast 
iron test pieces is associated with a scatter of some 4 
to some 12 per cent. It thus appears that the accuracy 
of the average result of some 4 impact tests is com- 
parable to the accuracy of a single tensile test on cast 
iron. 

‘Impact resistance of g~ay cast iron expressed in 
terms of energy of rupture per unit volume and 
measured on an unnotched cylindrical test piece be- 
longing to the proportional series L = 5D+1D (L 
= total length; 5 D = distance between supports and 
D = diameter) is a characteristic of the material and 
may be called “impact modulus.” 

The accuracy of the impact test on unnotched 
cylindrical gray iron test pieces belonging to the pro- 
portional series L = 5 D + | D is acceptable for prac- 
tical purposes providing following specifications are 
observed: 


a) The ratio of utilization of the available energy of 
the pendulum should be at least 40 per cent. 

b) The speed at impact or striking velocity should 
be standardized or at least kept within reasonable 
limits, for example between 2 and 4 m/sec. 
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The two papers which follow, “Nonmetallic Macroinclusion Causes in Steel Castings 
Deoxidized with Aluminum” and “Reactions between Refractories and Molten Steel Con- 
taining Aluminum,” constitute a report of work done during the past year at the Univer- 
sity of Michigan sponsored by AFS Training and Research Institute and under the direc- 
tion of the Research Committee of the AFS Steel Division. This work is a continuation of 
that which the Committee has been directing toward a solution of the problem of macro- 
inclusions in steel castings. These inclusions are called by various names, such as snotters, 
ceroxides, etc. 

Research results to date indicate that the nature of the defect has been determined 
and the several modes for the formation of the defect have been established. Work on 
this project will be continued during the coming year. Effort will be directed toward 
obtaining additional information on the mechanism of formation of the macroinclusions 
and suitable means for the prevention of the defect. The Committee is confident that 
work to date is a useful contribution to the knowledge of this subject and that the suc- 
cessful conclusion of the work now planned will be of considerable benefit to the steel 
foundryman. — J. A. Rassenfoss, Chairman, G. A. Colligan, A. J. Kiesler, W. A. Koppi, 
E. A. Lange, C. H. Lorig, W. R. Punko, D. Rosenblatt and J. Zotos. 


NONMETALLIC MACROINCLUSION 
CAUSES IN STEEL CASTINGS 
DEOXIDIZED WITH ALUMINUM 


Progress Report 

Steel Division Research 
Sponsored by 

AFS Training & Research Institute 


by L. H. Van Viack, R. A. Flinn and G. A. Colligan 
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ABSTRACT 


subsurface aspirated air and fine eroded sand grains. 


Previous work indicated that the nonmetallic macro- 
inclusions in aluminum killed steels contained corun- 
dum (AloQO3) crystals accompanied by siliceous glass. 
The purpose of this report was to determine the sources 
of these inclusions by a combination of laboratory and 
field investigation. This work indicates that in addition 
to the formation of corundum during initial deoxida- 
tion, two other and more important sources exist. 

First, aluminum dissolved in liquid steel reacts with 
ladle refractories, particularly certain fireclays, form- 
ing AloOg and a siliceous glass. This aggregate can then 
be washed into the mold. 

Secondly, although a clean metal stream enters the 
mold, drossy macroinclusions may be formed rapidly 
by a combination of reactions involving surface air, 


L. H. VAN VLACK is Prof. of Ceramics and Met., and R. A. 
FLINN is Prof. of Met. Engrg., University of Michigan, Ann Arbor. 
G. A. COLLIGAN is Rsch. Met., United Aircraft Corp., East Hart- 
ford, Conn. 
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The degree of coagulation depends upon the metal flow 
pattern. 


INTRODUCTION 


The long range objective of this project is the elim- 
ination of the large nonmetallic inclusions often 
called “ceroxides” or “snotters,” which are encount- 
ered particularly on cope surfaces of steel castings. 

To attain this objective a three step program was 
proposed in 1958 as follows: 


1) Identify the defect, determining the phases pres- 
ent. 

2) Find the source or sources of the inclusions. 

3) Ascertain methods of elimination. 


The work of the first stage was reported! at the 
AFS convention in 1959. The conclusion reached was 
that these inclusions contain corundum (AI,O,), sili- 
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ceous glass and associated minerals such as fayalite 
(Fe,SiO,). 

The key point of this first phase was the identifica- 
tion of corundum which could only have resulted 
from reactions involving the aluminum dissolved in 
the steel. These reactions are: 


= ALO, 
(corundum) (J) 

+ oxygen* = Al,O, + glass 
(from ladle (corundum) 
refractories) (2) 


ALO, + glass 
(corundum) (3) 


aluminum 
(diss. in steel) 


+ oxygen 
(diss. in steel) 


aluminum 
(diss. in steel) 


+ air and loose 
sand in mold 


aluminum 
(diss. in steel) 


It should be emphasized that the samples from com- 
mercial practice and the major part of the investiga- 
tion has involved aluminum deoxidation practice. 
This is because of the wide use of aluminum as a de- 
oxidant, particularly as a preventive of pinholes in 
green sand practice. The corundum could only have 
originated from metallic aluminum and was invari- 
ably encountered in characteristic defects. 


PLAN OF PRESENT RESEARCH 


The most important phase of the present research 
has been to determine the relative importance of the 
sources mentioned. The experimental work which has 
been done may be discussed under three divisions. 
1) Initial laboratory experiments to evaluate impor- 

tance of reaction 1. 
2) Field observations of reaction 2. 
3) Laboratory evaluation of reaction 2. 
4) Field observations of reaction 3. 


Initial Laboratory Experiments (reaction 1 ) 


= Al,O, 
(corundum) 


Aluminum 
(diss. in steel) 


+ oxygen 
(diss. in steel) 


One of the potentially important sources of inclu- 
sions is the development of deoxidation scum result- 
ing from reaction of aluminum with oxygen dissolved 
in the steel. Four 100 lb high frequency induction 
furnace heats of 0.3 per cent carbon steel were poured 
using increasing amounts of aluminum for deoxida- 
tion and different ladle techniques. The charge in all 
cases was composed of 1018 steel, pig iron and 85 
per cent ferrosilicon, The castings poured included 
the test plate and the ball type pattern described in 
the 1959 AFS report. The differences in heats were: 





Heat 


l 0.15% Al pig plunged 
in ladle. Some Al floated. 


Teapot ladle 


Same as heat | Teapot ladle 


0.15% Al added as clippings Open lip pour 
to stream on tapping ladle 


0.15% Al, 0.20% Al, 0.30% Al Open lip pour 


and 0.40%, Al respectively ladle 
added to stream entering molds 





No typical large inclusions were encountered in any 


*The oxygen is present in the combined form as SiQg. 
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of the specimens from these heats despite the extreme 
steps to have aluminum available for reactions. It is 
important to note in view of later results that a clean 
preheated “sillimunite” ladle was used for each heat, 
that the castings were small and poured rapidly. 

These experiments indicated that the corundum 
formed during deoxidation (reaction 1) was of minor 
importance in the procedure described. 


Field Observations of Reaction 2 


= ALO, + glass 
(corundum) 


+ oxygen 
(from ladle 
refractories) 


Aluminum 
(diss. in steel) 


If the corundum formed upon deoxidation is of ma- 
jor importance then it would seem that if a large 
ladle of liquid steel were deoxidized and bottom 
poured, the defects would be minimized. Further, the 
deoxidation inclusions should be more severe at the 
beginning of the pouring period than at the end. 

The following experiment was performed. A six 
ton heat in a bottom-pour ladle was deoxidized with 
0.15 per cent aluminum. Test plates and 200 Ib ring 
shaped castings were poured from 5 to 20 min after 
deoxidation. Both the castings and the test plates 
which were poured later contained more inclusions. 
Furthermore, the defects in both test plates and 200 
lb castings were of equal size (1-2 in. diameter) even 
though the casting was many times the weight of the 
plate and had a larger and more elaborate gating 
system. 

It would be expected that the inclusions formed 
upon deoxidation would float to the ladle surface 
with time; the bottom poured metal should therefore 
contain less inclusions as time elapsed. (The experi- 
ment was terminated with a ton of metal remaining 
in the ladle so that “sucking down” to surface mat- 
ter was avoided.) 

A new approach was obviously needed to explain 
these data. It was suggested that perhaps the alumi- 
num was reacting with the ladle bottom and the noz- 
zle. In this case the resulting products (corundum + 
glass) could be washed into the stream. This effect 
would increase with time of holding because of heat- 
ing of the refractory by the steel and increased at- 
tack. Also, the glassy material which accompanies 
corundum in inclusions is more easily explained. 

This hypothesis was confirmed by examination of 
used ladle nozzles. When steel containing alumi- 
num was poured, the ladle nozzle showed attack 
and alteration of corundum and glass (See Fig. 1 for 
the appearance of this structure), When no alumi- 
num was present, little attack took place and no cor- 
undum was found. 

Additional data were obtained using only silicon 
deoxidation. In this case no snotters were encount- 
ered. The nozzle appearance is shown in Fig. 2. This 
is not a practical solution for green sand castings, 
however, because of the occurrence of pinholes. 


Laboratory Evaluation of Reaction 2 


3 Al,O, + glass 
(corundum) 


Aluminum 
(diss. in steel) 


+ oxygen 
(from ladle 
refractories) 
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Fig. 1 — Fireclay 
nozzle specimen 
after use on alu- 
minum deoxidized 
steel. Reaction 
zone contains co- 
rundum (COR), 
glass (LIQ) and 
some hercynite 
(HER). Commer- 
cial source. 500 X. 


To determine the importance of dissolved alumi- 
num in refractory attack the following techniques 
were developed. 

Typical of 0.3 per cent C cast steel* heats of 5 Ibs 
were melted in stabilized zirconia crucibles using the 
3000 cycle induction furnace (The zirconia provided 
a neutral medium and did not enter significantly 
into the reactions. This is confirmed by the data to 
be presented). 

Specimens of the refractories to be tested were pre- 
pared using an abrasive cut-off wheel. Care was taken 
to make certain that none of the wheel material was 
imbedded in the refractory. In the initial experiments 


*0.3% C, 0.7% Mn. 


DATA SUMMARY 





Appearance of 


Temp. Time of 
refractory 


Aluminum of immer- 
Heat added, melt, sion, Fireclay 
no. % F min nozzle 


F-8 0.02 3115-2770 5 





Zirconia 





no evident 
reaction 
or fusion 


reaction, 
and fusion 


no evident 
reaction 
or fusion 


2915-2820 fusion 


no evident 
reaction 
or fusion 


2885-2840 extensive 
reaction, 


and fusion 


2850-2825 major 
reaction, 
and fusion 


no evident 
reaction 
or fusion 





the refractory was merely immersed in the melt with 
tongs, while in the later experiments a holder was 
employed to provide constant depth of immersion. 
This technique of immersion was used to evaluate 
reaction on refractory couples, as shown in Fig. 3. 
Data are summarized in the Table. 

Figures 4, 5, 6 and 7 contain photomicrographs of 
the fireclay nozzle specimens after exposure to melts 
containing 0, 0.02, 0.05, and 0.10 per cent aluminum, 
respectively. The increasing severity of reaction with 
increasing aluminum content is obvious. 

This evaluation of the reaction of ladle refractory 
with the aluminum in the liquid steel was then ex- 
tended to include variations in reaction temperature 
(2850 and 2950F) and in refractories (over the 
system SiO,—Al,O,). The data therefore include all 
the common fireclays as well as pure silica and high 
alumina refractories. A complete account of these 
experiments requires rather extensive discussion and 
therefore this material is contained in a companion 
paper? (Part 2, immediately following this report). 
The results, however, may properly be reviewed here. 

In brief, the greatest attack took place by alumi- 
num upon refractories in the composition approxi- 
mately 65 per cent SiO, and 35 per cent Al,O,. As 
expected, no attack of high alumina materials trans- 
pired because there is no tendency for aluminum to 
react with oxygen already bonded to aluminum. It 
is of interest however that the rate of attack of the 
high silica materials was also low, particularly at 
2850 F. 

In this case the fact that the refractory did not 
soften reduced the rate of attack. In other words, 
when a refractory softens the reaction rate is greatly 


Fig. 3 — Fireclay 4 

and zirconia nozzle 
specimens after *™ a RSA 
immersion in steel" 
containing 0.05 per cent aluminum. Zirconia (top) was 
not affected while the fireclay (bottom) was attacked. 


s * & 


Fig. 2— (left) Fireclay nozzle speci- 
men after use on silicon deoxidized steel. 
Reaction zone contains glass (LIQ), 


metal (MET) 


and mullite (MUL). 


Commercial source. 500 X. 


Fig. 4— (right) Photomicrograph of 
fireclay nozzle specimen after immer- 
sion in silicon deoxidized steel. Struc- 
ture contains glass (LIQ), metal (MET) 
and mullite (MUL) at metal nozzle 


interface. 500 X. 
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accelerated just as a fluid slag reacts more rapidly 
than a stiff one containing solid matter. 

From these experiments, it may be concluded that 
another source of corundum bearing macroinclusions 
may be the washing of these refractory reaction 
products into the mold. 


Field Observations of Reaction 3 
= Al,O, + glass 
(corundum) 


Aluminum 
(diss. in steel) 


+ oxygen 
(air and loose 
mold sand) 


It was observed earlier, and now has been often 
reconfirmed, that the separation of ceroxides or snot- 
ters can be seen in both ladles and risers. For ex- 
ample, if a ladle which has been treated with alu- 
minum is skimmed carefully, a scum like material will 
continue to float out. Similarly, if an open riser is 
observed carefully the separation of the same material 
can be observed. In all cases of aluminum deoxidized 
steel, this scum or dross is composed of corundum 
and siliceous glass. 

One mechanism of formation of this dross is by oxi- 
dation of the metal surface by air. An analogous re- 
action is with trapped or aspirated air during pour- 
ing the mold. 

In an attempt to minimize defects from sources | 
and 2, a heat was tapped into a 6 ton teapot receiv- 
ing ladle without aluminum deoxidation. Clean metal 
from the receiving ladle was then tapped into a sec- 
ond smaller teapot newly lined with high silica re- 
tractory. 

The metal was deoxidized with 0.05-0.10 per cent 
aluminum and poured quickly. The short contact 
time and the high silica content of the refractory 
would be expected to minimize ladle reactions. As 
this clean metal was poured into green sand molds, 
however, observation through large open risers 
showed four important effects. 


1) Formation of a surface film on the metal stream 
by reaction with air. 

2) Floating out of additional dross from beneath the 
surface. This could have been formed by reaction 
with aspirated air or with moisture. 

3) Rapid reaction of the surface film with loose sand 
particles. 

4) Coagulation of dross by eddies in the flow pattern. 


By this mechanism therefore it appears quite pos- 


Fig. 5 — Photomicrograph of fireclay nozzle specimen 
after immersion in 0.02 per cent aluminum deoxidized 
steel. Structure contains corundum (COR), glass (LIQ), 
metal (MET) and mullite (MUL). 500 X. 


Fig. 6 — Photomicrograph of fireclay nozzle specimen 
after immersion in 0.05 per cent aluminum deoxidized 
steel. Structure contains increasing amount of corundum 
(COR) and glass (LIQ). 500 X. 


Fig. 7 — Photo- 
micrograph of fire- 
clay nozzle speci- 
men after immer- 
sion in 0.10 per 
cent aluminum de- 
oxidized steel. 
Structure contains 
excessive amount 
of corundum 
(COR) and glass 
(LIQ). 500 X. 


sible to have clean metal entering the mold cavity 
yet form dross quite rapidly in the mold. 

Therefore, while the steel foundryman has consid- 
ered for many years that he has a nondrossy material 
compared to the light metals, this is not true after 
aluminum has been added. Although present in 
small amounts, this aluminum reacts rapidly with en- 
trapped or surface air leading to dross defects. 
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ABSTRACT 


The three sources of nonmetallic macroinclusions in 
aluminum killed steels are, in chronological order of 
formation: 

1) Reaction between the aluminum added during tap- 
ping and the dissolved oxygen in the steel. 
2Al + 30—> AllO; 
(corundum ) 
2) Interaction of aluminum dissolved in liquid steel 
and ladle refractories. 
4Al+ 3Si0o—>2Al203 + 3Si 
(ladle) (corundum ) 
3) Reaction in the mold such as aluminum with en- 
trapped or surface air: 
4Al+ 302—>2 AloOz 
(from (corundum) 
air) 

A general summary of the effects of all three reac- 
tions is included in a companion paper (Part 1, im- 
mediately preceding this paper). 

The purpose of this report is to consider reaction 2, 
refractory-steel interactions, in detail. This is of impor- 
tance because these can produce severe inclusions in 
the metal stream issuing from a teapot or even a 
bottom pour ladle. 

The data indicate that with alumina-silica refrac- 
tories, reaction 2 is most active in the range of normal 
fireclay compositions and less important with high 
alumina or high silica refractories. 


INTRODUCTION 


As mentioned in the abstract, a companion paper! 
contains a review of the three sources of inclusions or 
dross in aluminum-killed steels. The average found- 
ryman is quite aware of the first and third reactions, 
namely, during initial deoxidation and during turbu- 
lent pouring. 


L. H. VAN VLACK is Prof. of Ceramics and Met. and R. A. 
FLINN is Prof, of Met. Engrg., University of Michigan, Ann Arbor. 
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The second reaction, between the residual alumi- 
num in the steel and the refractory has received rel- 
atively little attention. The foundryman usually be- 
lieves that with good teapot ladle practice, or at 
least with a bottom pour ladle, a completely clean 
stream of metal can be obtained. 

However, during the course of the general investi- 
gation of inclusions it was noted that both the teapot 
and the bottom pour streams contained large non- 
metallic inclusions. These can be observed directly 
during pouring. Furthermore, small plates with di- 
rect ingates were poured rapidly with a bottom pour 
ladle and contained large inclusions. It was highly im- 
probable that these could have originated either in 
the mold or from the deoxidation treatment. 

Examination of used ladle nozzles showed that ma- 
terial of the same type as found in the inclusions was 
being generated. This had been eroded by the metal 
stream during pouring. 

A detailed investigation of the metal-refractory re- 
actions, therefore was indicated. The results are de- 
scribed in the second section of this report. Before dis- 
cussing these data a review of metal-ceramic reac- 
tions and of previous work in this field may be help- 
ful. 


REVIEW OF METAL-CERAMIC REACTIONS 


In order to present this review in concise fashion, 
the following order of discussion has been employed: 


1) The aluminum-oxygen reaction within liquid 
steel. 

2) The reaction of aluminum in reducing ceramic 
oxides. 

3) Reactions among oxides (ceramic reactions). 

4) Refractory-metal reactions. 


In this way, by discussing the different possible re- 





actions separately, the details of refractory-metal re- 
actions may be clearer. 


Aluminum Reaction Within Liquid Steel 


The deoxidation reaction of aluminum is most con- 
veniently expressed by the relationship 


Both Al and the O are dissolved in the metal. In ef- 
fect, this relationship indicates that an increase in the 
aluminum produces a decrease in the reactable oxy- 
gen.* In addition, aluminum will reduce the frac- 
tion of the oxygen which is available for reaction 
with carbon, hydrogen, iron, and other elements. Or, 
in thermodynamic terms, aluminum reduces both the 
activity and the activity coefficient of oxygen.? 


Aluminum Reactions With Oxides 


The stability of aluminum oxide is greater than the 
stability of iron oxide or silica. Thus, the equilibria 
for the following two reactions may be indicated to 
be more strongly to the right than to the left. 


2 Al + 3 (FeO) YZ (Al,O,) + 2 Fe (2) 
4 Al + 3 (SiO,) J 2 (Al,O,) + 3Si (3) 


Here, as with equation (1), the underline indicates 
that the element is in solution in the molten iron, 
and the parentheses signify that a separate oxide phase 
occurs. As shown by the arrows, Al and (FeO) react 
more strongly to the right than do Al and (SiO.,). 

It may also be shown that the availability of 
(SiO,) for reaction is greater when the (SiO,) is 
present as a liquid than when it is present in the 
crystalline form. 


4 Al + (SiO;)iqua = 2 (Al,O,) +3 Si (3a) 


Reactions Among Oxides (Ceramic Reactions ) 


Liquid FeO dissolves SiO, at metal casting temper- 
ature, as shown in Fig. |. Also, it may be observed 
that the solubility decreases only slightly (45 to 38 
per cent) over the wide temperature range of 2950 F 
to 2200 F. 

In similar fashion Al,O,-SiO, relationships are 
shown in Fig. 2.4 It is possible to flux SiO, by Al,O, 
at temperatures above 2900 F. It is also important to 
notice that a typical fireclay brick consisting of 35 
per cent Al,O, and 65 per cent SiO, will contain 
more than 50 per cent liquid at this same temperature. 
The fluidity of SiO,-Al,O, liquids is determined in 
part by the liquidus temperature. Consequently, those 
compositions containing 90 to 95 per cent SiO, will 
be the most fluid at steel casting temperatures. 


*The equilibrium constant is 1/K = (a,,)? (a,)8, when 
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Fig. 1 — FeO-SiOz2 equilibrium diagram.* 


In many cases it is necessary to consider the com- 
bined effects of FeO, Al,O, and SiO,. Figure 3 shows 
the FeO-Al,O,-SiO, relationships.5** The important 
feature to note is that with less than 20 per cent 
Al,O,, there is a region which is liquid at low tem- 
peratures. Consequently, an oxide liquid of this com- 
position can form readily at iron and steel casting 
temperatures. When the Al,O, exceeds 10 to 20 per 
cent, the liquid is replaced by solid phases. The solids 
may be mullite, corundum or hercynite, which have 
the compositions of (3AI,O,*2SiO,), (Al,O,) and 
FeO-Al,O,), respectively. 


Refractory — Metal Reactions 


The reactions between refractories and metals have 
been generally ignored. However, Colligan® con- 
cluded that reaction could occur between iron and 
silica through the process of metal oxidation to FeO. 
In turn, the FeO dissolved silica from mold refrac- 


**This diagram has been modified slightly, and does not in- 
clude the fact that iron cordierite can form as a primary phase 
a few degrees above the ternary eutectic. This simplification will 
not citer the conclusions. 
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Fig. 2 — AlgO3-SiO2 equilibrium diagram.* 





Fig. 3 — FeO-Alv»O3-SiO» equilib- 
rium diagram. (see double starred 
footnote, page 137). 
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tories. Also, work which was performed by Van Vlack 
and reported by Carney and Rudolphy? showed that 
when ladle refractories are exposed to liquid steel con- 
taining aluminum, two effects are noted: 


1) The refractory is softened, making it more suscep- 
tible to erosion and reaction. 

2) The aluminum reacts with the silica in the re- 
fractory to produce Al,O,, as shown in equation 


(3). 


Recent work by the present authors,* indicated that 
corundum-type defects were not formed by simple me- 
chanical entrapment of unaltered refractory materials. 
Rather, a deoxidation reaction had to occur which 
involved metallic aluminum. All three of the reactions 
expressed by equations (1), (2) and (3) could be 
involved. Part I to this report,’ discusses these reac- 
tions in more detail and concludes that equation (2) 
is of major importance. 


EXPERIMENTAL PROCEDURE 

The purpose of this investigation was to explore 
the specific reactions between refractories and alu- 
minum that was dissolved in molten steel. The re- 
fractories which were selected for examination in- 
cluded normal ladle refractories which contain ap- 
proximately 35 per cent Al.O, and 65 per cent SiO,,. 
In addition, other refractories were chosen so that the 
full range of analyses could be examined between 
commercially pure SiO, and commercially pure Al,O,. 
These are indicated in the Table. 

Previous work had indicated that the interface be- 
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Fayalite 
Mullite 
Hercynite 


FesSiO, 
3Alo03*2SiO2 
FeO:Al.O3 


tween molten metal and a refractory could be simu- 
lated most satisfactorily by the procedure indicated in 
Fig. 4. This procedure has the following advan- 
tages: 


1) The small refractory samples may be brought to 
temperature quickly and not produce a metal skull 
at the interface. 

2) Two or more refractory samples may be included 
in the same test. Thus a direct comparison may 
be made between distinct types of refractories un- 
der identical temperature and metal compositions. 

3) The oxygen level may be maintained at a level 
consistent with metal casting conditions. 


Variations were made in aluminum content of the 
metal.! Also the metal was superheated to examine 
the effect of temperature. 

The examination of the interface between the liq- 
uid metal and the refractory was achieved by stand- 
ard micrographic procedures for refractory materials. 
This included an impregnation of the brittle refrac- 
tory with a thermosetting resin before grinding and 
polishing.* 


RESULTS AND DISCUSSION 


The results of the experiments may be divided into 
four sections for discussion. 


1) Aluminum effect upon silica refractories (low alu- 
mina). 


*See Appendix. 





2) Aluminum effect upon silica-alumina (fireclay) re- 
fractories. 

3) Aluminum effect upon high alumina refractories. 

4) Interpretation. 


The data are summarized in Fig. 5-8 and Table. 


Aluminum Effect on Silica Refractories (Fig. 5) 


When silica (SiO,) refractories come into contact 
with molten steel which contains a limited amount of 
oxygen but no aluminum, there is no direct reaction 
between the metal and the SiO,. However, the oxy- 
gen in the metal will form FeO which can react with 
the SiO,. This reaction produces a silica-saturated 
iron oxide liquid with the specific composition indi- 
cated at the left hand side of Fig. 5. 

Three factors should be noted: 


The silica content of the altered liquid is about 
50 per cent. 

The composition does not change significantly 
with temperature. 

The refractory is not corroded. Rather, the prod- 
uct is absorbed by the refractory. 


When high silica refractories are in contact with 
molten steel which contains a limited amount of oxy- 
gen and also aluminum, the reaction product is free 
from iron oxide. A small amount of glassy liquid is 
formed which may be observed in the surface zone of 
the refractory. The glassy nature of this thin coating 
suggests that its composition is the one indicated at 
the right hand side of Fig. 5. Of practical significance 
is the fact that again the refractory is not corroded. 


Aluminum Effect on Fireclay 
Refractories (Fig. 6) 

Fireclay refractories contain approximately 35 per 
cent Al,O, and 65 per cent SiO,. The contrast in the 
behavior of these refractories as compared to silica 
refractories is particularly noticeable. The former 
were not corroded under test conditions. The latter 
were significantly affected. In the absence of alu- 
minum in the metal, the altered product was quite 
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fluid, and had the composition shown at the cen- 
ter of Fig. 6. With aluminum present in the metal, 
the altered product was more viscous. 

The minerals that were found in the altered prod- 
uct indicate that the composition is further to the 
lower right in Fig.,6 in the higher melting region. The 
most important observation is the fact that corundum 
is not found in the altered product unless aluminum 
had been added to the metal. 

The amount of aluminum which had been added to 
the metal directly influenced the amount of corun- 
dum which was found in the altered refractory. This 
is presented in more detail in Part I of this report.! 
Higher temperature increased the rate at which the 
refractory was altered. In addition, observations in- 
dicated that at higher temperatures the altered prod- 
uct was generally richer in Al,O,, as shown sche- 
matically in Fig. 6. 

A variation in the composition of the refractory 
produced corresponding variations in the nature of 
the altered product of the refractory. This is shown 
schematically in Fig. 7. As compared to the typical 
fireclay refractory, the more siliceous fireclay refrac- 
tory leads to a more fluid alteration product that is 
readily eroded. Conversely, the less siliceous refrac- 
tory has less alteration and erosion. In each case the 
altered product is shifted toward the low melting 
region when there is no aluminum present in the 
molten metal, and the composition is shifted toward 
higher alumina contents when aluminum is used as a 
deoxidizer in the metal. 

A contrast may be made between a siliceous fireclay 
refractory and a silica refractory. If the fireclay refrac- 
tory contains more silica and less alumina than is 
typical for fireclay refractories, there is an increase in 
fluidity and corrosion of the altered product. How- 
ever, a silica refractory with a high SiO, content is 
not corroded. Also, metal containing aluminum will 
produce a glassy liquid on the surface of silica refrac- 
tories, whereas a more viscous liquid is formed when 
the same metal comes in contact with a siliceous fire- 
clay material. 

These contrasts are to be expected when the 


Fig. 4— Experimental procedure — (a) 
schematic — direct contact was obtained 
between molten metal and refractory 
samples. Atmosphere was Noe during 
melting so oxygen exposure was limited 
to time of refractory exposure; (b) re- 
fractory samples after testing! — vari- 
ables could include 1) aluminum content 
of metal, 2) temperature, 3) time and 
4) type of refractory. 
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a. 


2850 F 


(A) NO AL ADDED 


ORIGINAL 


(6)AL ADDED TO STEEL 








X150 2950 F 
ALTERED 








Cristobalite SiO2 
Tridymite Si02 
Corundum AlvOg 
Wustite FeO 


FAY 
MUL 
HER 


2950 F 


At2O3 


Fayalite 
Mullite 
Hercynite 


Fig. 5 — Reactions between molten steel and silica refractories. (a) — left side 
—no aluminum added to metal; (b) — right side — aluminum added to metal. 
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Fe2SiO,4 
3Al203°2SiO2 
FeO*Al2.03 





ACTUAL 


TEST 
SIZE 


ORIGINAL COMP. 
(ALL SAMPLES) 








ALTERED COMP. 


(2850 F) ——__ ALTERED COMP. 


Wy \i (2950 F) 
ALTERED COMP, 
(2950 F) 








(2850 F) 


(a) (B) 





A203 


Cristobalite SiO2 FAY Fayalite Fe2SiO, 
Tridymite SiO2 MUL Mullite 3AlvO3g*2SiO2 
Corundum AlsoOs HER Hercynite FeO*AloO3; 
Wustite FeO 


Fig. 6 — Reactions between molten steel and fireclay refractories. (a) — left side 
—no aluminum added to metal; (b) — right side — aluminum added to metal. 
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SUMMARY OF TESTS AND OBSERVATIONS 





Temp. Time 
Al of of Appearance 
Heat Added,* melt, contact, Refractory of 
no. % F min. used refractory 


Temp. Time 
Al of of Appearance 
Heat Added,* melt, contact, Refractory of 
no. % F min. used refractory 





F-8 0.02 3115-2770 5 reaction, 


and fusion 


-fireclay 


no reaction or 
fusion 


-zirconia 


-fireclay fusion 


no reaction or 
fusion 


-zirconia 


2885-2840 extensive reaction, 


and fusion 


-fireclay 


no reaction or 
fusion 


-zirconia 


2850-2825 -fireclay major reaction, 


and fusion 


no reaction or 
fusion 


-zirconia 


2880-2790 -silica no corrosion 


-fireclay extensive fusion 


-siliceous extensive fusion 


fireclay 
2880-2840 -silica 


-fireclay 


no corrosion 


major reaction, 
and fusion 


major reaction, 
and fusion 


-siliceous 
fireclay 


2865-2815 -super duty _— fusion 


fireclay 

60%, AloO3 ‘Fig. 8a 
-70%, AlgOg sino reaction, 
slight fusion 
reaction, 
viscous liquid 


-super duty 
fireclay 


60%, AloO, Fig. 8a 


-70%, AlgOg3 = minor reaction 


-80% AloOg © slight fusion 


no reaction 
-90%, Al,Ozg Fig. 8b 


-997, AloOg no fusion 


no reaction 


no reaction or 
fusion 


-90%, AlpO, Fig. 8b 
" 99%, AlyOs 


2880-2850 -80% AlsOz 


no reaction or 
fusion 


2850-2800 =! -silica Fig. 5a 
-fireclay extensive fusion 
2870-2835 -silica Fig. 5b 


major reaction, 
and fusion 


-fireclay 


2870-2830 -fireclay Fig. 6a 

(dry press) 

-fireclay same as dry 
(stiff mud) press 


2925-2830 -fireclay Fig. 6b 


(dry press) 
-fireclay same as dry 
(stiff mud) press 
2955-2930 -silica Fig. 5a 
-fireclay Fig. 6a 
(dry press) 
2950-2945 ! -silica Fig. 5b 
-fireclay Fig. 6b 
(dry press) 


*Base metal — 1030 steel (0.3% C, 0.7% Mn), melted under No, 
silicon added as required to control CO evolution. 





Al,O,-SiO, phase relationships are examined (Fig. 2) 
because the eutectic lies between that for silica and 
fireclay refractory compositions. 


Aluminum Effect on High Alumina 
Refractories (Fig. 8) 

Those compositions which are more aluminous than 
fireclay have greater refractoriness. Refractories in the 
mullite range (60-70 per cent Al,O,) contain corun- 
dum (Al,O,) in their altered products, even though 
there is no aluminum present as a deoxidizer in the 
metal (Fig. 8). In the presence of aluminum, the al- 
tered product is essentially pure corundum. 

Those refractories containing more than 90 per cent 
Al,O, in their original compositions show no alter- 
ation in contact with molten metal. This is a conse- 
quence of two facts. First, the melting temperature is 
so high that the refractory will not soften. In addition, 
there is essentially no SiO, present in the refractory 
so that the reaction indicated by equation (3) can- 
not occur. 

It is important to note that there is no accumula- 
ion of a deoxidation product upon the surface of 
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these refractories. This fact is significant because it 
excludes the possibility that the refractory alteration 
in the presence of dissolved aluminum is simply an 
addition of the deoxidation product [equation (1)] 
to the refractory surface. This specific conclusion cor- 
roborates earlier observations! which showed no ac- 
cumulation of corundum on the surface of zirconia 
refractories (Fig. 4b, left sample), although it did 
form on the surface of adjacent fireclay refractories 
(Fig. 4b, right sample). 


I nterpretation 


The above observations permit some rather specific 
conclusions to be drawn for the metallurgist who is 
concerned with casting quality and refractory per- 
formance. At the present these conclusions must be 
limited to those steels which have relatively low man- 
ganese contents (<0.75 per cent Mn). 

The refractories that are commonly used for ladle 
construction are those which are subject to alteration 
and corrosion by the molten metal. A fireclay refrac- 
tory is easily fluxed by FeO at molten metal temper- 
atures. In addition such refractories can be “deoxi- 





dized” by the aluminum in the metal with the devel- 
opment of Al,O, in a siliceous glass. This viscous 
glassy liquid, which contains considerable Al,O, as 
corundum, is subject to erosion by a moving metal 
stream with possible entrapment of nonmetallic ma 
terial in the metal. 

In contrast, high alumina refractories, silica refrac- 
tories and zirconia refractories are not corroded as 
readily, nor are they subject to the extensive reaction 
with the aluminum which is used in the metal for 
deoxidation purposes. 

The desirability of a wholesale change from fire- 
clay-base refractories may be questioned although 
there are many situations where these refractories may 
not be the most appropriate: 


1) There are advantages to an easily eroded refrac- 
tory in a nozzle if there is difficulty in obtaining 
a dry shut off between molds, or if there is neces- 
sity for maintaining a rapid metal flow rate in 
the absence of a large pressure head in the ladle. 

2) Other steel compositions, particularly high man- 
ganese steels, affect silica refractories more dras- 
tically than do normal steel compositions. In this 
case, it is conceivable that silica refractories should 
not be considered, although high alumina refrac- 
tories might. 


In present green sand practice, aluminum is re- 
garded as a necessary specific preventive for pinholes. 


Si Oo 
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Other deoxidants should receive attention. Particu- 
larly, combinations of silicon and aluminum, or sil- 
icon and calcium could receive attention. It is known 
that silicon-killed steels exhibit clean cope surfaces. 
Its use should reduce the amount of aluminum that is 
required and the tendency for aluminum-refractory 
reactions. 
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Fig. 7 — Reactions between molten metal and fireclay refractories. When no alumi- 
num is added, the reaction product is a lower melting liquid. When aluminum is 
added, a more viscous liquid results. This liquid precipitates corundum or mullite. 
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Fig. 8 — Reactions between molten steel and high alumina refractories. (a) — mullite base re- 
fractories (60-70% AlsO3); (b) corundum base refractories (90-99% AlsO3). No reaction occurred. 
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APPENDIX 
Mounting and Polishing of Refractory Materials 
The appropriate side of the sample is ground flat 
with a dry, 120-grit SiC paper. 
This is followed by impregnation of the sample to 
overcome friability. The impregnation steps include: 


1) coating the sample with a thermosetting resin.* 
2) heating (212 F) under partial pressure (aspirator 
vacuum) for 3-4 hr. 


*One of several proprietary compositions. This one was sup- 
plied by Wards Natural Science Establishment, Rochester, N.Y. 
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3) curing (212 F) under atmospheric pressure for 10- 
12 hr. 


Regular metallographic procedures are used for 
mounting and polishing. The particular procedure 
followed for this paper includes: 


1) Lucite mount with the flat side of the sample ex- 
posed. 

2) grinding with damp (not water-soaked) SiC papers 
(80, 120, 240, 400 and 600). 

3) polishing on a short nap cloth wheel using an 
alumina-water suspension (e.g., solution contain- 
ing 1 per cent concentrated liquid soap). 


Photographic techniques are standard with one ex- 
ception, a blue filter accentuates the contrast between 
mullite and glass. 





Name Seven for Society Awards 


@ Seven outstanding foundrymen will 
be honored for contributions to the 
metalcastings industry and the Ameri- 
can Foundrymen’s Society at the AFS 
64th Annual Castings Congress in 
Philadelphia. 

Three will receive Gold Medal 
awards, two will be presented with 
awards of Scientific Merit and two 
will be recipients of Service Citations. 

The awards recommended by the 
Society’s Board of Awards and ap- 
proved by the Board of Directors are: 


Gold Medals 


Samuel F. Carter, Jr., American Cast 
Iron Pipe Co., Birmingham, Ala., 
the Wm. H. McFappen Gop 
MEDAL .. . “For exceptional contri- 
butions to AFS and the castings 
industry in the fields of cupola 
melting, electric steel melting and 
control.” 

Waldeck W. Levi, consulting metal- 
lurgist, Radford, Va., the THomas 
W. Pancsporn GoLp MEDAL .. . 
“For outstanding contributions to 
the Society and the ferrous castings 
industry in the fields of cupola 
metallurgy, research and operation.” 

Theron D. Stay, Reynolds Metals Co., 
Cleveland, the JosEpH S. SEAMAN 


Goip MEDAL .. . “For outstanding 
technical contributions to the Soci- 
ety and light metals industry over 
many years, particularly in alloying 
and castings.” 


Awards of Scientific Merit 


George P. Halliwell, H. Kramer & Co., 
Chicago . . . “For noteworthy 
achievements in the field of brass 
and bronze casting, and for out- 
standing technical services to the 
Society.” 

George A. Timmons, Climax Molyb- 
denum Co., Detroit . . . “For not- 
able contributions and services to 
AFS and the ferrous foundry in- 
dustry in the fields of heat treat- 
ment and alloying of gray iron.” 


Service Citations 


William M. Ball, Jr., R. Lavin & Sons, 
Inc., Chicago . . . “For outstanding 
and inspirational services to AFS, 
its Chapters and the non-ferrous 
castings industry over many years.” 

Victor E. Zang, Unitcast Corp., Tole- 
do, Ohio . “For tireless and 
continuous efforts on behalf of AFS 
and the steel casting industry in 
promotion of cooperative technical 
endeavor.” 


Radiation Protection Manual Gives 
Latest Information for Foundries 


@ Radiation protection controls for 
the foundry industry will prevent in- 
jury, minimize medico-legal entangle- 
ments and provide a sound founda- 
tion upon which legislative controls 
can be built. The most up-to-date 
text on this subject is the new AFS 
FOUNDRY RADIATION PROTECTION 
ManuaL. This 64-p casebound book 
will be available this month. The 
price to members is $6 and to non- 
members $9. 

NATURE AND SOURCES IN RA- 
DIATION IN THE FOUNDRY is a 
chapter covering basic information 
about the characteristics of radiation 
in general and describes the sources 
of radiation presently being used in 
foundries. 

HEALTH ASPECTS OF RADIA- 
TION is presented with the hope 
that the biological and medical infor- 
mation it contains will help to dispel 
fears. This chapter provides an under- 
standing of the effects of radiation 
and how they can be controlled. 

CONTROL OF RADIATION IN 
THE FOUNDRY contains specific de- 


tails required for the installation and 
use of radiologically-safe radiation fa- 
cilities in a foundry. 

The theory of radiation detection 
and the use of detection equipment 
are presented in RADIATION DE- 
TECTION INSTRUMENTATION. 
Shielding can reduce biological dam- 
age from radiation by partially or 
even completely absorbing it. The 
differing characteristics of the various 
radiations require different shielding 
applications. These considerations are 
presented in PROTECTION BY 
TIME, DISTANCE AND SHIELD- 
ING. If radiation is to be used 
safely, the many actions taken with 
radioactive materials and radiation- 
generating equipment must be 
planned in advance. In the case of 
radioisotopes, planning must include 
shipment, storage, disposal of wastes. 
Techniques have been developed by 
the industries pioneering radioisotopes 
use and these are presented with exist- 
ing regulatory guidelines in PROCE- 
DURES FOR HANDLING AND USE 
OF SOURCES OF RADIATION. 
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T&RI Courses ..... 
Apprentice Contest 
Congress Program 
International Congress 


Committees in Action 





ANNOUNCING e*eees 


1960 TRAINING COURSES 
SPONSORED BY AFS TRAINING 
& RESEARCH INSTITUTE 


MARCH—APRIL 


Length Where 
Subject and Description (Days) Given 





Melting & Heat Treatment of Malleable Iron March 7-9 3 Chicago $60 
Basic study of malleable iron—including heat treatment, melting practice, equipment, metal- 
lurgy and controls. Temperature controls and pouring practices are also coverered. Intended 
for furnace operators, supervisors, foremen, metallurgists and management interested in 
cost-reduction for malleable operations. Instructors will include F. B. Rote, technical director, 
and J. T. Bryce, research engineer, both of Albion Malleable Iron Co., Albion, Mich. 
COURSE NO. 4 


Casting Design & Stress Analysis March 28-30 3 Chicago $60 

Intensive instruction in all phases of this important subject. Principles applicable to all 
metals, including aspects of product development, moldability, molding methods, pattern 
selection, gating and risering, cost estimating, basic design principles and application of stress 
analysis techniques. Recommended for design engineers, castings buyers, foundry engineers, 
supervisors, patternmakers and management. Instructors will include Jack Caine, foundry 
consultant, Cincinnati; Claude Smith, stress analyst engineer, Superior Steel & Malleable 
Castings Co., Benton Harbor, Mich., and John L. Flitz, product development engineer, 
Central Foundry Div., GMC, Saginaw, Mich. COURSE NO. 5 


Shell Molds and Cores April 11-13 i $60 
A critical study of the process — its application, problems and practical solutions for cost 
reduction. Methods of production and planning, mixes, mulling cycles, resins, sand and 
operating problems are intensively studied. Instructive information on shell cores — applica- 
tion, economies, procedures, casting quality and limitations. Course provides practical in- 
struction for all interested foundry personnel. Typical case problems welcomed for class 
discussion. Course No. 6 


Remainder of Courses to be Presented in AFS-T&RI 1960 Training Program 


Production of Ductile Iron .... Poets es $60 Sand Testing .. .$150 
Course No. 7 June-27- 29 Chicago Course No. 13 Oct. 10-14 Detroit 


7 Foundry Plant Layout . $60 
Blue Print Reading, Estimating _ . . . $60 : : 
> tag — July 11-13 Chicago Course No. 14 Oct. 24-26 Chicago 


Metallurgy of Light and Copper-Base Alloys $60 


Welding and Brazing of Castings $60 Course No. 15 Nov. 7-9 Chicago 


Course No. 9 Aug. 17-19 7 Chicago 
Sand Control & Technology $60 


Course No. 16 Dec. 5-7 Detroit 
Core Practices end. te $90 
Course No. 10 Aug. 29-Sept. 2 Chicago 





REGISTRATION NOW OPEN. Make reserva- 

Foundry Refractories a $60 tions for all 1960 AFS-T&RI training courses 

Couns No. 11 Sept. 12-14 Chicago by course numbers and dates given. Regis- 
trations accepted in order as received at AFS 

Headquarters, Golf & Wolf Roads, Des 

Economical Purchasing of Foundry Materials __ . $60 Plaines, ll. 

Course No. 12 Sept. 26-28 Chicago 
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Stress Economies of Cupola 
Operation at T&RI Course 


@ Basic design, operating practices 
and methods of more economical 
cupola operation were stressed at the 
AFS-T&RI Cupola Melting Iron course 
given Jan. 11-15 in Chicago. 

Authorities in the foundry field 
donated their time as instructors to 
foundrymen-students from the United 
States, Canada and Mexico. 

Wally Levi, consultant, Radford, 
Va., discussed metal control, cupola 
records, desulfurizers, finishing the 
heat, slagging, operating principles, 
forehearth and ladles and _ water- 
cooled operations. 

T. E. Barlow, Eastern Clay Dept., 
International Minerals & Chemical 
Corp., Skokie, Ill., spoke on cupola 
lining including requirements and 
types, effect of operating conditions 
on refractories, installation. 

Walter Jaeschke, Whiting Corp., 
Harvey, Ill., described cupola design 
and construction, raw materials han- 
dling equipment, alloys, charge pre- 
paration and blast. 


S. C. Massari, T&RI Director, out- 
lined principles of coke, preparing 
the cupola bed, raw materials pur- 
chasing, equipment for metal temp- 
erature measurement, combustion in 
the cupola and metallurgy of cast 
iron. 

H. J. Weber, AFS Director of Safe- 
ty, Hygiene & Air Pollution Control 
Program brought students up to date 
on cupola emissions and current 
legislation. 


Three Birmingham foundrymen discuss melt- 
ing problems with authority W. R. Jaeschke, 
Whiting Corp., Harvey, Ill., third from left. 
Jaeschke was instructor at the AFS-T&RI 
course Cupola Melting of Iron given in Jan- 
vary. Asking questions are R. M. Blakely and 
W. H. Prickett both of U.S. Pipe & Foundry 
Co. and Gary Crane, Crane Foundry Co. 


Foundrymen from nine states, Canada and Mexico attended AFS-T&RI course on cupola melting 


of iron given during January in Chicago. 





Ontario Sponsors 
Gray Iron Course 


@ Fundamentals of gray iron metal- 
lurgy will be presented in an inten- 
sive three-day course March 16-18 
at the King Edward Hotel, Toronto, 
Ontario, Canada, through cooperative 
efforts of the AFS Ontario Chapter 
and the AFS Training & Research 
Institute. 

The course is designed for melters, 
metallurgists, engineers, researchers, 
supervisors and management. Subjects 
include solidification of an iron-carbon- 
silicon alloy, effect of chemical 
composition, inoculation, relation of 
carbon equivalent to mechanical prop- 
erties, improvement through alloys, 
section sensitivity, effects of super- 
heating during melting and micro- 
structure. 

Instructors will be Prof. Howard 
Womochel, Michigan State Univer- 
sity, East Lansing, Mich.; Harold E. 
Barnum, Vanadium Corp. of Ameri- 
ca, Detroit; AFS-T&RI Director S. C. 
Massari and AFS-T&RI Training Su- 
pervisor R. E. Betterley. A $60 fee 
will be charged for the course. 

This is the third course to be spon- 
sored by the Ontario Chapter in 
cooperation with the Training & Re- 
search Institute. Courses were pre- 
viously sponsored in 1958 and 1959. 


Sand Division Executive Committee at January meeting in Chicago: R. E. Daine, Aluminum Co. 
of America, Cleveland; George Vingas, Magnet Cove Barium Corp., Rolling Meadows, Ill.; 
T. E. Barlow, Eastern Clay Products Dept., International Minerals & Chemical Corp., Skokie, 
ill.; Dan Chester, Archer-Daniels-Midland Co., Cleveland; Nicholas Sheptak, Dow Metal Prod- 
ucts Co., Div. Dow Chemical Co., Midland, Mich.; LeRoy Taylor, Ottawa Silica Co., Ottawa, 
lll.; AFS Technical Director $. C. Massari; Victor Rowell, Federal Foundry Supply Div., Archer- 
Daniels-Midland Co., Cleveland; George Anselman, Anselman Foundry Services, St. Charles, 
lll.; T. W. Seaton, American Silica Sand Co., Ottawa, Ill.; Clyde A. Sanders, American Colloid 


Co., Skokie, Ill. 


Sand Division Grading, Fineness & Distribution Committee at January meeting in Chicago. 
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Apprentice Contest Draws Near Closing Date 


@ Only one month remains in the 
AFS 1960 Robert E. Kennedy Mem- 
orial Apprentice Contest. All entries 
for national judging must be received 
no later than 5:00 pm, Friday, April 
8 at the University of Illinois, Navy 
Pier, Chicago. 

AFS Education Director R. E. Bet- 
terley states that in the limited time 
remaining it is possible for plant and 
inter-plant contests to be conducted. 
Since more than a month is required 
to organize and conduct a chapter 
contest, only chapter contests under- 
way at this time are likely to be 
completed prior to the deadline. 

Three of competition are 
held at the local level—chapter-spon- 
sored competition, individual plant 
contests and inter-plant contests in- 
volving three or more plants. 

As of Feb. 1, entries totalled 450, 
or slightly ahead of entries one year 
ago. Participating were 14 AFS chap- 
ters, 23 plants with individual contests 
and more than 175 plants in inter- 
plant competition or operating through 
chapters. 

Winning castings and patterns, as 
well as runners-up, will be seen at 
the Apprentice Contest display at the 
64th Castings Congress & Exposition. 

Competition is held nationally in 


five divisions: patternmaking, both 
wood and metal; and three in mold- 
ing, steel, gray iron and non-ferrous. 
All are judged on the basis of a possi- 
ble 100 points as outlined by the Ap- 
prentice Contest Committee of the 
Education Division. 


Prizes and Awards 


First place winners in each of the 
five divisions will receive cash prizes 
of $100; 2d place, $75; 3d_ place, 
$50. Certificates of recognition, signed 
by AFS President C. E. Nelson, will 
be presented to all winners in each 
national contest division. 

First place winners in each nation- 
al contest division will be invited to 
attend the Annual Convention to re- 
ceive their awards in person. AFS 
will assume the five first place win- 
ners’ round-trip travel expense to and 
from Philadelphia. All other expenses 
shall be assumed by the winner, his 
company or his local chapter. 


Identification and Shipping 


All entries must have an official 
contest identification tag affixed as 
follows: 

CASTING ENTRIES, wire tag to 
casting, stamp or otherwise clearly 
mark the contest registry number on 


body of casting with numerals at 
least 1/4-in. high. 

WOOD PATTERN ENTRIES, do 
not affix identification tags to parting 
surfaces. Identify all loose pieces 
with the assigned contest registry 
number using black India ink, numer- 
als to be at least 1/4-in. high, on 
clear surfaces. 

METAL PATTERN ENTRIES, af- 
fix identification tag. Identify each 
loose piece with assigned contest reg- 
istry number by stamping or other- 
wise clearly marking numerals to be 
at least 1/4-in. high on unmachined 
surfaces. 

Enter on the contest identification 
tags only: contestant’s registry num- 
ber assigned by AFS, time consumed 
in completing the entry; with casting 
entries only, gross weight and approx- 
imate metal analysis. 

Entries from local chapter contests 
or individual plant confests must be 
shipped only to: Prof. R. W. Schroe- 
der, University of Illinois, Navy Pier, 
Chicago. Transportation charges on 
all national contest entries must be 
prepaid. When shipping entries to 
Chicago, notify Prof. Schroeder or 
AFS Central Office immediately for 
tracer purposes. Do not ship entries 
to the Central Office. 


TENTATIVE SCHEDULE OF TECHNICAL SESSIONS 
64th AFS CASTINGS CONGRESS & FOUNDRY EXPOSITION — May 9-13 





TIME MONDAY 


TUESDAY 


WEDNESDAY 


THURSDAY FRIDAY 





7:30 am Authors Breakfast 


Authors Breakfast 


Authors Breakfast 


Authors Breakfast Authors Breakfast 





9:30 to 
11:30 am 


Light Metals 
Malleable 
Pattern 
Brass & Bronze 


Brass & Bronze 


T&RI Trustees 


Annual Business 
Meeting & Hoyt 
Lecture 


Sand 
Heat Transfer 
Ductile Iron 
Fundamental 
Papers 


Steel 
Ductile Iron 
Fundamental Papers 
Die Castin 
& Perm. Mold 





Malleable Luncheon 


Pattern Luncheon 
Board of Directors 


Luncheon & Meeting 


Brass & Bronze Lunch. Management Lunch. 


Joint Light Metals 
& Die Casting R.T. 
Luncheon 


Steel Luncheon 
Ductile & G. I. Lunch 
Past Presidents Lunch 





Pattern 
Brass & Bronze 


Light Metals 
Education 
Ind. Engrg. & Cost 
Gray Iron 


‘Steel 
Gray Iron 
Plant & Plant 
Equipment 


Heat Transfer 


& 
Fund. Papers 
Joint Solidification 


Symposium 
Die ss & Perm. 
Mold 


Ductile Iron 





Sand 
Brass & Bronze 
Seminar 


Sand 
Light Metals 
ray Iron 
Malleable 


Ind. Engrg. & Cost 


Die Casting & Perm. 
Mold 


Steel 
Gray Iron 
Sand 





Canadian Dinner 
Sand Dinner 


Annual Banquet 


Alumni Dinner 





Sand Shop Courses 
Mall. Shop Courses 


Mall. Shop Course 
Gray Iron Shop 
Course 


Gray Iron Shop 
Course 
Ductile Iron Shop 
Course 
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Big American Delegation Expected 
at 1960 Swiss “International” 


@ Over 100 American foundrymen 
are expected to attend the 27th In- 
ternational Foundry Congress to be 
held Sept. 19-24, 1960 at Zurich, 
Switzerland. Technical papers, plant 
inspections, pleasure trips and social 
events, an extensive ladies program, 
and three post-Congress tours of Swiss 
attractions will feature the colorful 
event. In addition some thousand Eu- 
ropean foundry executives and their 
ladies are expected at this first Inter- 
national held in Switzerland. 

Foundry operations in this area 
have been visited by many Ameri- 
cans, and many Swiss from the Zur- 
ich vicinity have paid return trips to 
U. S. plants. George Fischer, Ltd., 
at Schaffhausen; Maschinenfabrik Oer- 
likon in Zurich; Sulzer Bros. and Rie- 
ter Textile Machines, at Winterthur 

. all have for years enjoyed recip- 
rocal friendships and interchange of 
plant visitors with U. S. foundrymen. 

The 27th International Foundry 
Congress at Zurich is sponsored joint- 
ly by the Association of Swiss Iron 
Foundries and the Association of 
Swiss Metal Foundries. President of 
the Swiss Foundry Association is G. 
L. Guyer, and the Secretary is Dr. 
P. W. Muller. Dr. Muller is also sec- 
retary, International Committee of 
Foundry Technical Associations. 

The main International Committee, 
of which AFS is the one U. S. mem- 
ber, is a unique organization, found- 
ed in 1921 to develop closer rela- 
tions between the foundrymen of the 
world. The Committee is the sole 
sponsor of the annual International 
Foundry Congresses, which were dis- 
banded during 1939-1947 and revi- 
talized in 1948. 

The International Committee has 


developed since 1947 a number of 
important projects. An International 
Foundry Dictionary now is nearing 
publication, correlating foundry ter- 
minology in eight languages: Eng- 
lish, French, Dutch, German, Span- 
ish, Italian, Norwegian and Swedish. 

The International Committee on 
Testing Cast Iron has been endeavor- 
ing to develop more uniform interna- 
tional standards of graphite classifica- 
tion, impact testing, and, to unify 
international technical language. 

For some years an International 
Committee on Foundry Defects has 
been correlating the work of the 
French, British and AFS toward in- 
ternational codification of defects and 
their causes. In recent years a num- 
ber of “Working Groups” on specific 
foundry problems have been devel- 
oping valuable material. Present 
groups include those on Foundry 
Coke, Founding Properties of Mate- 
rials, and Testing of CO2 Materials. 

The program will open Mon., Sept. 
19 with official ceremonies in the 
morning, technical sessions in the af- 
ternoon. Tuesday will be devoted to 
visits to nearby plants. Technical ses- 
sions all day Sept. 21 will be fol- 
lowed by an evening of entertainment, 
and Thursday is given over to an 
excursion on Lake Lucerne. Friday 
will include sessions, meetings and 
plant visits, with official closing cere- 
monies Sept. 24. The post-Congress 
tours commence Sept. 26. 

Technical sessions in 1960 carry 
the theme “Improved Working Con- 
ditions and Technical Advancement 
in Foundries,” under three general 
subjects: recent foundry research, 
modern processing in the foundry, 
and Man and the Foundry. Only 24 


The town of Vevey nestles on the scenic 
shores of Lake Geneva, Switzerland, a de- 
lightful village although visited by few 
tourists. 
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Among the most eye-pleasing sights of the 
eastern areas of Switzerland are the gabled 
roofs, painted houses, window boxes of 
flowers and spotless clean streets. 


technical papers will be accepted for 
presentation, and the Swiss associa- 
tion has already notified that all 24 
have now been committed. The AFS 
Official Exchange Paper on “Grain 
Refinement of Cast Metals” will be 
authored by J. F. Wallace, G. W. 
Form, George Gould, G. K. Turnbull 
and H. Merchant, all of Case Insti- 
tute of Technology, Cleveland. 
AFS has designated Thos. Cook & 
Son as the official travel agency for 
American travel to the 1960 Interna- 
tional, for convenience in obtaining 
hotel reservations in Zurich and reg- 
istering in advance. No “official tours” 
will be arranged by the Society, al- 
though AFS invites inquiries on pro- 
gram and other details to the Socie- 
ty’s headquarters, Golf & Wolf Roads, 
Des Plaines, Ill. ses 


Zurich waterfront on Lake Zurich, scene of 
the 1960 International and the most impor- 
tant industrial area in the country. Close by 
are excellent modern foundries open to 
American visitors next September. 
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Research Committee of the Steel Division discussed its progress report at the January meeting. 
Left to right: J. A. Rassenfoss, American Steel Foundries, Chicago; E. A. Lange, Naval Research 
Laboratory, Washington, D.C.; W. R. Punko; R. A. Flinn, University of Michigan, Ann Arbor, 
Mich.; AFS Technical Director $. C. Massari; L. H. Van Flack, University of Michigan; A. J. 
Kiesler, General Electric Co., Schenectady, N.Y.; G. A. Colligan, United Aircraft Corp., East 
Hartford, Conn.;-Jehn Zotos, Rodman Laboratory, Watertown Arsenal, Watertown, Mass. 


Sand Division Basic Concepts Committee meeting held in January in Chicago. Left to right: 
D. C. Rose, Wedron Silica Co., Chicago; L. E. Taylor, Ottawa Silica Co., Ottawa, Ill.; 
R. W. Acker, Hansell-Elcock Co., Chicago; AFS Technical Director $. C. Massari; chairman J. V. 
Caine, consultant, Cincinnati; D. C. Williams, Ohio State University, Columbus, Ohio; G. J. 
Vingas, Magnet Cove Barium Corp., Rolling Meadows, Ill.; T. W. Seaton, American Silica Sand 
Co., Ottawa, Ill.; C. E. Wenniger, Beardsley & Piper Div., Pettibone Mulliken Corp., Chicago; 
R. W. Heine, University of Wisconsin, Madison, Wis.; A. B. Draper, Pennsylvania State Uni- 
versity, University Park, Ill. 


Controlled Casting Quality Committee of the Sand Division at its January meeting in Chicago. 
Left to right: George Anselman, Anselman Foundry Services, St. Charles, Ill.; T. C. Alford, 
Tri State Sand Co., Signal Mountain, Tenn.; E. H. Phelps, American Cast Iron Pipe Co., Birming- 
ham, Ala.; J. W. Costello, American Hoist & Derrick Co., St. Paul, Minn.; Sune Ahnell, Gem 
City Pattern Works, Quincy, Ill.; Walter Walls, Caterpillar Tractor Co., Peoria, Ill.; George 
Schumacher, Gardner-Denver Co., Quincy, Ill., H. J. Weber, AFS Staff. 
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Steel Division Names 
Projects for Study 


Two projects for further study were 
selected by the Steel Division Re- 
search Committee at its meeting in 
January. These are: 

(1) Refractory liquid steel reac- 
tions with the following variables: 

® Manganese and silicon in base 
chemistry of typical low carbon con- 
ventional steels. 

® Effect of moving steel. 

® Effect of residual de-oxidant us- 
ing standard steel practices such as 
calcium, manganese, silicon and tita- 
nium. 

(2) The role of gating—poor ver- 
sus good design as it relates to the 
trapping of inclusions. 

The committee approved publica- 
tions of parts 1 and 2 of the Divi- 
sion’s progress report being conduct- 
ed at the University of Michigan. 
Prof. R. A. Flinn, University of Mich- 
igan, reviewed part 1 which includ- 
ed identification of the defect, sourc- 
es and remedial measures. Prof. L. H. 
VanVlack summarized the second por- 
tion which emphasizes the ceramic 
aspects of the problem. Both of the 
papers will be presented at the Cast- 
ings Congress in Philadelphia. 


Pattern Division Names 
Officers for Sessions 


@ Presiding officers for three technical 
sessions and the round table luncheon 
sponsored by the Pattern Division 
were selected at a meeting of the Div- 
ision’s Executive and Program & Pa- 
pers Committees. 

Officers are: 

Session No. 1—Division Chairman 
J. M. Kreiner, National Malleable & 
Steel Castings Co., Cleveland; Divi- 
sion Vice-Chairman R. L. Olson, 
Dike-O-Seal, Inc., Chicago; session 
secretary, John Roth, Cleveland 
Standard Pattern Works, Cleveland. 

Session No. 2—W. E. Mason, West- 
inghouse Air Brake Co., Wilmerding, 
Pa.; H. W. Mess, John Deere Planter 
Works, Moline, Ill.; session secretary, 
David Kindt, Kindt-Collins Co., 
Cleveland. 

Session No. 3—M. K. Young, In- 
dustrial Gypsum & Lime Dept., U. S. 
Gypsum Co., Chicago; N. C. Jones, 
New York Air Brake Co., Watertown, 
N. Y.; session secretary, D. C. Hart- 
man, Cove Pattern Works, Inc., 
Cleveland. 

Round Table Luncheon—J. M. 
Kriener and R. L. Olson. 

AFS Technical Director S. C. Mas- 
sari will discuss Marketing Your Prod- 
uct at the divisional round table 
luncheon. 





‘chapter: news: 


AFS Regional Vice-President Jake Dee, far right, seated, and members of the Mexico Chapter at 


January meeting in Mexico City. 


@ “Even though most of the found- 
ries in Mexico City do not have as 
completely modern equipment as 
foundries in the United States, they 
certainly are turning out first quality 
castings. Most of the foundrymen are 
very technically minded and I am 
sure that it will not be too long be- 
fore most of the better foundries will 
equip their shops with more modern 
equipment for fast production sched- 
ules.” 

These are the words of AFS Re- 
gional Vice-President Jake Dee, Dee 
Brass Foundry, Inc., Houston, Texas, 


Birmingham Chapter 
Report on European Tour 


@ European industrial aggressiveness, 
desire and ability impressed S. D. 
Moxley, American Cast Iron Pipe Co., 
Birmingham, Ala., who presented his 
impressions at the chapter’s January 
meeting. Moxley’s tour 
covered 18 plants 
in seven countries 
and included a 
cross-section of 
European indus- 
try. European 
wages currently 
are 1/3 to 1/4 
that of American 
workers, and that 
combined with 
automation and a high productivity 
means increasing threats to American 
industry. Moxley warned foundrymen 
that this is not a distant, but an im- 
mediate problem that must be faced. 

—John Jetton 


S. D. Moxley 


based on observations made during 
his visit in January to the AFS Mexi- 
co Chapter. 

Dee met with officers of the Chap- 
ter and other prominent foundrymen 
of Mexico City for a dinner and chap- 
ter business meeting. He and Chapter 
Chairman Luis Delgado Vega, Cia. 
Proveedora de Industrias, S.A., visit- 
ed foundries in Mexico City on a 
two-day tour. 

Dee was impressed with the pride 
taken in the foundries, their cleanli- 
ness and the training of young found- 
rymen and technicians. 


Southern California Chapter 
Conducts Castings Clinic 


@ Casting problems and _ solutions 
were discussed at the December 
meeting, with Chapter Chairman E. 
G. Gaskell, Ace Foundry Ltd. presid- 
ing and Vice-Chairman C. F. Weis- 
gerber acting as technical chairman. 

Panelists were: 

Aluminum—Pat Pellegrino, Monarch 
Foundry; John M. Thomas, Mechan- 
ical Foundry Div., Food Machinery & 
Chemical Co. 

Brass—Ed Fratello, Ampco Metals; 
Don Harrison, James Jones Co. 

Ductile Iron—R. M. Dolin, Dayton 
Foundry; E. F. Peschke, Reliance 
Foundry Co. 

Iron—G. H. Meyn, Alhambra 
Foundry; A. J. Tuzzolino, Overton 
Foundry. 

Steel—Charles Phillips, Westlectric 
Steel Foundry; Lou Luther, National 
Supply Co. —K. F. Sheckler 


Honor Walter Seelbach 
at March NEO Meeting 


@ Walter Seelbach, president, Su- 
perior Foundry, Inc., Cleveland, will 
be honored March 10 at the North- 
eastern Ohio Chapter meeting for 50 
years service to the castings industry. 

Seelbach served as AFS President 
1951-52 and is also a past president 
of the Gray Iron Founders’ Society. 


Plan “Students 
Days’ for Show 


@ Sponsoring of “Students Days” to 
the AFS Castings Congress & Exposi- 
tion by each of the chapters is being 
encouraged by the Students Conven- 
tion Committee of the Education Divi- 
sion headed by E. G. Gentry, Penola 
Oil Co., Detroit. 


2 ey 


“Leaders in the 
foundry industry 
are becoming in- 
creasingly aware 
of the strong role 
to be played by 
competent engi- 
neers in the foun- 
dry of tomorrow,” 
says Gentry who 
points out that the Congress & Exposi- 
tion comprise “a ready-made showcase 
for our industry.” “This,” he adds, “is 
an ideal place for students to obtain a 
comprehensive view of the entire met- 
alcasting field.” 

Each chapter is being urged to 
sponsor student engineers from schools 
in their area to attend the Congress 
and Exposition on May 10 and 11. 
They will attend technical sessions, 
tour the exhibits and participate in 
plant visits. 


E. G. Gentry 


Texas Chapter 
(San Antonio Section) 


Gating and Risering Problems 


@Thirty members and guests attended 
the January meeting held at San An- 
tonio Machine & Suply Co. Chesley 
May, K O Steel Castings, Inc., 
brought patterns gating and risering 
problems for discussion.—R. T. Cusack 


Reduction of foundry costs were explained to 
Detroit members by E. M. Hinze, E. T. Runge 
& Associates, left. On the right is program 
chairman G. J. Rundblad, Pickands Mather & 
Co. —J. R. Young 
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Western New York members 
attending the December 
meeting included John 
Klym, Curtiss-Wright Corp.; 
Phil Block, F. B. Stevens Co.; 
Ralph Prentice, Buffalo 
Forge Co.; George Daley, 
Semet-Solvay Div., Allied 
Chemical Corp. and Herbert 
Hoover, Buffalo Forge Co. 


Attending the December 
meeting of the Wentworth 
Institute Student Chapter 
were J. Gerin Sylvia, fac- 
ulty advisor; Herbert Klein, 
industrial advisor; speaker 
Prof. M. C. Flemings; H. 
Russell Beatty, Wentworth 
President; Carl A. Swanson, 
Assistant Dean of Engineer- 
ing Education at Wentworth. 


At least six men from Beth- 
lehem, Pa., travel 100 miles 
monthly to attend Philadel- 
phia Chapter meetings. Their 
regular attendance is led by 
Director Karl Kostenbader, 
2d from left, front row; and 
D. E. Best, extreme right, 
front row, former chapter 
chairman. 

—Leo Houser & E. C. Klank 


Canton Chapter featured a 
panel discussion with Wal- 
ter Smith, Shenango Furnace 
Corp. as moderators (stand- 
ing, rear). Panel and their 
subjects: Mike Folk, Ameri- 
can Steel Foundries, “Clean- 
ingroom Practice — Arc-Air 
Process;” Jerry Hathaway, 
Massillon Steel Castings Co., 
“Sand Fundamentals; John 
Jenkins, American Steel 
Foundries, “Shell Cores; 
David Matter, Ohio Ferro 
Alloys Corp., “Gray Iron & 
Ductile Iron Melting.” 
—Charles Stroup 


Work simplification was explained to Phila- 
delphia Chapter foundrymen by E. F. Pierce, 
Lynchburg Foundry Co., Lynchburg, Va. 
Shown are J. Pierce, Philadelphia, speaker's 
brother; speaker Pierce and technical chair- 
man J. M. Schraeder, Olney Foundry Div., 
Link-Belt Co. 


Attending the Pittsburgh Chapter Christmas 
party were J. Harvey Johnston, General Steel 
Casting Co., Avonmore, Pa. Pittsburgh Chap- 
ter Secretary and Treasurer E. P. Buchanan; 
Northwestern Pennsylvania Chapter Chairman 
W. E. Eccles. —Walter Napp 


New foundry resins and application tech- 
niques for shell mold and shell cores were 
discussed at the January meeting of the Cen- 
tral Illinois Chapter by W. C. Capehart, Mon- 
santo Chemical Co. Capehart emphasized that 
each foundry must use resins best adapted 
to their techniques. Shown are Technical 
Chairman C. W. Search, Caterpillar Tractor 
Co., Peoria, Ill.; speaker Capehart; W. M. 
Swan, Monsanto Chemical Co.—Charles Bavis 


Rochester Chapter 
Plastic Patterns & Tooling 


@ General types of epoxy materials, 
their advantages and disadvantages 
were presented at the January meet- 
ing by J. W. Tierney, Houghton Lab- 
oratories, Inc., Olean, N. Y. A series 
of slides illustrated actual patterns, 
core boxes, mold plates, dielectric 
core driers and general tool applica- 
tions. Suggested methods, techniques 
and costs for foundry applications 
were also outlined. —Haerle Wesgate 





More than 350 persons at- 
tended the annual Chesa- 
peake oyster roast held in 
January. Committee mem- 
bers shown are: 
Roemer, Franklin-Balmar 
Corp. $. D. D’Alfonso, Amer- 
ican Metaseal Corp.; com- 
mittee chairman A. A. Hoch- 
rein, American Smelting & 
Refining Co.; L. E. Gaffney, 
Arlington Bronze & Alumi- 
num Corp.; W. O. Becker, 
Atlantic Abrasive Co. 

—V. R. Chastang 


Former Eastern New York 
Chapter Chairmen honored 
at past chairmens’ night. 
R. Newton Williams (1958- 
59): John E. Waugh (1951- 
52); Leigh M. Fownley (1952- 
53); Alexander C. Andrews 
(1956-57); Lovis J. DiNuzzo 
(1957-58). 

—Leonard C. Johnson 


Portion of the crowd of the 
Northeastern Ohio Chapter 
foundrymen and guests 
attending the annual Christ- 
mas party held Dec. 11 at 
the Carter Hotel, Cleveland. 
Included in the program 
was a dinner, entertainment 
and singing. 

—Sterling Farmer 


Central Illinois Chapter’s Christmas party drew 400 members and guests. Shown on left are 
Mr. and Mrs. Leonard Tucker and Mr. and Mrs. Robert LeMaster. On right are Kathryn Martens, 
Mary Van Bruwaene and past chairman and former National Director A. V. Martens. 


Lester B. Knight, Lester B. Knight & Associ- 
ates, Chicago, shown on left, discussed mod- 
ernization of foundries at December meeting 
of the Western New York Chapter. E. J. 
O'Connell, American Radiator & Standard San- 
itary Corp., Chapter Chairman, served as tech- 
nical chairman. —Don Kreuder 


—C. H. Bavis 


Attending the December meeting of the West- 
ern New York Chapter were Secretary R. E. 
Turner, Queen City Sand & Supply Co.; Chair- 
man E. J. O'Connell, American Radiator & 
Standard Sanitary Corp.; and Rochester Chap- 
ter Chairman Don Loomis, General Railway 
Signal Co. —Don Kreuder 


Chicago Chapter 
Beginning Educational Program 


@ Three meetings dealing with the 
theme Supervision—Key to Foundry 
Progress, will be presented by the 
Chicago Chapter starting March 7. 
Sessions will be held on consecutive 
Monday nights, the first at the 
regular chapter meeting place and the 
next two at the Peoples Gas, Light 
& Coke Co. auditorium. Tickets for 
the series are $1. 

First will be a discussion on verbal 
communication, its importance and 
how it can be improved by Edward 
McFaul, starting at 8:00 pm following 
a 6:30 dinner. 

The next two sessions both start at 
7:00 pm and each has two speakers. 
On March 14, A. J. Bohl, Wolf 
Management Engineering Co., Chi- 
cago, will outline How Effective is 
Your Supervision, dealing with the 
items making a top foundry super- 
visor. Bohl will also explain a self- 
rating test. I. G. Robinson, Lester B. 
Knight & Associates, Chicago, in 
Every Foreman is a Foundry Manager 
will describe the role of the foundry 
foreman as a middleman covering the 
talents needed to make foremen 
aware of new ideas, cost reduction 
programs and methods improvement. 

On March 21, C. L. Schwyhart, 
Caterpillar Tractor Co., Peoria, IIl., 
will detail the basic skills needed by 
a supervisor in his daily workings with 
people. J. H. Hazlehurst, Stevens, 
Thurow & Associates, Chicago, in 
How to Build Productive Manpower 
will detail simple methods to be used 
by foremen in training or instructing 
the worker in his job, stressing that 
low production and _ unacceptable 
quality are often caused by poor 
instruction. 

The program is sponsored by the 
chapter’s education committee headed 
by John C. Harwood. Other members 
are Jim Downs, American Steel Foun- 
dries, Chicago, and Marshall Wells, 
Jr., Wells Mfg. Co., Skokie, IIl. 


Saginaw Valley 


Foundry Cost Reduction Plan 


@ A simple, economical method for 
determining whether or not costs are 
in line was explained at the Decem- 
ber meeting by Eugene M. Hinze, 
E. T. Runge & Associates. Hinze al- 
so outlined a four-point philosophy 
which he said would lead to suc- 
cess, providing there is a genuine 
desire to succeed. He also discussed 
how to help foreman promote the 
acceptance of cost reduction through- 
out the plant. —John R. Fraker 
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Detroit Chapter 
New Developments in Industry 


@ New developments in the fields of 
manufacture, management and mar- 
keting as applied to the foundry in- 
dustry were presented at the Janu- 
ary meeting by Elmer E. Braun, 
Central Foundry Div., GMC, Sagi- 
naw, Mich. 

Among topics discussed to brighten 
the foundry future were: 

(1) Better control mediums _in- 
cluding varied applications of radio- 
active isotopes which are in use and 
under development. These include 
the measurement of moisture in mold- 
ing sand, analysis of metals, exhaust 
gases, slag, raw materials and bed 
height control. 

(2) Cutting of manufacturing costs 
through such methods as the use of 
cobalt-60 for non-destructive testing, 
stress analysis for casting and gating 
system designs, new types of mold- 
ing machines and plastic patterns and 
a system of work standards for in- 
direct labor. 

(3) Improved reliability of the 
product such mechanical methods as 
sonic, ultra-sonic and higher frequen- 
cy testing. 

(4) Marketing through meetings 
such as the casting design conferenc- 
es as presented by the Central Found- 
ry Div. 

(5) Development of a_ research 
project which will put the various 
phases into operation. To provide 
personnel capable of administering 
such a program, foundries must pro- 
vide the following: 

® Better selection procedure. 

® A good training program. 

® An effective apprentice program. 

* A foundry educational program. 

® The attracting of graduate engi- 
neers. 

® Support of the Foundry Educa- 
tional Foundation.—J. R. Young 


Wentworth Student Chapter 
Making Good Aluminum Castings 


@ Basic casting fundamentals were 
presented in an illustrated lecture at 
the December meeting by Prof. Mer- 
ton C. Flemings, Massachusetts In- 
stitute of Technology, Cambridge, 
Mass. Emphasis was given to proper- 
ly designed patterns, correct temper- 
ing of sands, filling the mold cavity 
with as little turbulence as possible, 
establishing temperature gradients, 
regulating skimming action and rate 
of entry of metal into the mold cav- 
ity and risering for shrinkage solidi- 
fication. Thirty-five students attended 
the meeting. 
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Central Ohio Chapter 
Designer-Buyer-Foundry Liaison 


@ Team work between the designer 
and foundrymen is essential to the 
satisfactory use of castings, T. O. Kui- 
vinen, Cooper-Bessemer Corp., Mt. 
Vernon, Ohio, told foundrymen at 
the December meeting. 

Success in com- 
munication dur- 
ing the design 
stage lays the 
groundwork for 
production feasi- 
bility. The found- 
ryman’s task then 
is to produce 
sound castings, 
within the geom- 
etry specified, at 
competitive prices. Failure of prod- 
uct, whether due to design fault or 
foundry fault, can only result in the 
loss of business. The foundryman 
must satisfy the designer’s require- 
ments after the designer understands 
that such requirements are produci- 


ble.—Joe Riley 


T. O. Kuivinen 


Chicago Chapter 
Marketing Your Product 


@ Regardless of size, each foundry 
must adopt an aggressive marketing 
program, AFS Technical Director S. 
C. Massari told Chicago foundrymen 
at the January meeting. 

In stressing that improved relations 
must exist between foundries and 
customers, figures were cited on what 
happened to 100 customers over a 
firm during a ten-year period. Eighty- 
one had turned to other sources, but 
only nine per cent due to lower costs. 
Eighty-two per-cent had been lost 
purely through neglect. 

Foundrymen must not only believe 
in their product but they must keep 
their customers informed of the latest 
developments. Proper liaison between 
the foundry and purchaser results in 
satisfied and well-informed customers. 
Acquiring new customers costs twice 
as much as retaining the old ones. 

However, new applications must be 


Shown at the December 
meeting of the Saginaw 
Chapter are Vice-Chairman 
G. R. Frye; Secretary J. L. 
Lowe; William Mixer and 
Carl Joseph, honorary chap- 
ter members; Treasurer F. A. 
Buike. —John R. Fraker 


developed to compensate for losses 
resulting from obsolesence and the 
design of new machines having entire- 
ly different component parts. Thus 
the marketing program must not only 
maintain the present customers but 
constantly search for new applications. 

Slides were used to illustrate typi- 
cal conversions to castings and new 
applications. 


Northeastern Ohio Chapter 
Savings in Foundry Operations 


@ Methods of reducing costs in areas 
of casting cleaning, brass and bronze 
operations and through pattern design 
were outlined at a recent meeting. 

A panel discussion by Paul Hay, 
Forest City Foundries; William 
Howell, National Malleable & Steel 
Castings Co.; Robert Frederikson, 
Electro-Alloys Div., American Brake 
Shoe Co. and moderator H. Oliver 
Pels, Grabler Mfg. Co. told of clean- 
ing practices at their companies. These 
analyses covered productions from 
350 to 4000 tons monthly in gray iron, 
malleable, and heat-resistant gray iron 
castings. 

Fred Riddell, H. Kramer & Co., 
spoke on controlling losses in brass 
and bronze foundries. His recommend. 
ations: charge only clean metal, main- 
tain a slightly oxidizing atmosphere 
during melting, avoid filling, pouring 
ladle or crucible too full, skim care- 
fully. fill sprue opening rapidly but 
avoid spillage, provide adequate but 
not oversized gates and runners, use 
chills and insulating sleeves, cut close 
to castings in removing gates, keep 
equipment in good condition to pre- 
vent formation of fins, pig a minimum 
of metal by adjusting pouring cycles. 

Fred Smale, National Malleable & 
Steel Castings Co. emphasized that 
patternmakers must be familiar with 
foundry operations to develope layouts 
and pattern giving quality castings. In 
core box construction close attention 
should be given to draft for easy re- 
moval of the core and proper fit of 
core prints in the mold is important 
to avoid filing or fin formation. 

—W.G. Gude, Edwin Bremer, 
J.C. Miske 





The Good Old Days 


@ A reminder of “the good old days” 
has been forwarded by Jess Toth, 
Harry W. Dietert Co., Detroit, and 
Chairman of the Education Division. 
The November, 1935 meeting of 
the Detroit Chapter featured a talk 
by Dr. Paul V. Garagher, Aluminum 
Co. of America, Pittsburgh, Pa., with 
the meal costing $1.30 per plate in- 
cluding the Michigan sales tax. Din- 
ners at the Chapter are now $4. 


Cincinnati Chapter 

Conducts Joint Sessions 

@ Sessions for ferrous and non-fer- 
rous foundrymen were held at the 
January meeting with 120 members 
attending. 

Tom E. Kramer, American Alloys 
Corp., Kansas City, Mo., spoke on 
production of quality aluminum cast- 
ings. 

Kramer discussed aluminum alloys 
356, 355, 319, 214, 220, 195 and 
108, stating that castability and pres- 
sure tightness improve going from 
214 to 356 with pinholing and ma- 
chinability becoming trouble- 
some in the same order. He pointed 
out the importance of proper gating, 
and that small diameter sprues elimi- 
nate dross effects and will run thin 
sections because of resultant pressure 
in a choked system. 

Examples of good and bad castings 
were also exhibited. 
Walter R. Jae- 
schke, Whiting 
Corp., Harvey, 
Ill., discussed fun- 
damentals for 
cupola operations. 
Jaeschke pointed 
out that for the 
best overall re- 
sults, the coke 
size should be 
proportionate to 
the inside dia- 
meter of the cupola. Coke of a size 
averaging about 1/10 of the cupola 
inside has been found to produce the 
best results. When scrap irons are 
used in place of pig iron, it should be 
remembered that pig iron is more uni- 
form in composition, size, cleanliness 
and the absence of contaminating ele- 
ments. Stanley F. Levy 


more 


W. R. Jaeschke 


Wisconsin Chapter 

Joins Technical Council 

@ The Milwaukee Chapter has _be- 
come a charter member of the Mil- 
waukee Technical Council, composed 
of various engineering societies in the 
city to promote close cooperation of 
technical activities. 


Washington Chapter 

Aluminum in Permanent Molds 

@ The permanent mold process as it 
relates to aluminum alloys, with the 
stressing of advantages and _ limita- 
tions, was explained at the January 
meeting by Howard J. Heath, Alum- 
inum Co. of America. 

His discussion covered metal melt- 
ing, handling and mold operation. He 
also pointed out the various aspects 
of incorporating permanent molding 
into an existing foundry operation, 
stressing the responsibilities incurred 
when operating a permanent mold 
foundry. 

Heath emphasized the importance 
of close scrutiny of heating treating 
processes, whether done by foundries 
or commercial firms, to obtain opti- 
mum metal quality. 


—Hubert L. Rushfeldt 


Utah Chapter 
Metallurgy of Gray Iron 


@ Principles of gray iron metallurgy 
were presented at the January meet- 
ing by David Matter, Ohio Ferro- 
Alloys Corp., Canton, Ohio. Matter 
explained the iron-carbon diagram 
and illustrated the effect of silicon. 
Various graphite forms and their ef- 
fect on properties were explained, 
with emphasis put on the importance 
of fine, randomly dispersed type A 
graphite for best mechanical proper- 
ties. 

The effect of inoculation in produc- 
ing higher strength, lower chill and 
improved machinability was present- 
ed with the effect of the common 
alloy elements on the graphite and 
matrix of gray cast iron. 

—W. W. Brown 


Frank M. Scaggs, Oklahoma 
Steel Castings Co., Tulsa, 
Okla., center, addressed the 
St. Louis Chapter in January 
on the COs process, point- 
ing out problems and how 
they can be solved. On left 
is Technical Chairman Ray 
Miller, American Brake Shoe 
Co., National Bearing Div. 
and AFS Regional Vice Pres- 
ident Webb Kammerer, Mid- 
vale Mining & Mfg. Co. 
—W. E. Fecht 


Twin City safety committee 
chairman, Wayne Carlson, 
American Hoist & Derrick, 
and representatives of the 
winning companies in the 
chapter's annual competi- 
tion. Others are: Francis 
Marrin, Marrin Foundry, Inc.; 
Reginald White, Minneapolis 
Electric Steel Castings Co.; 
Cliff Englund, Central Ma- 
chine Works Co. 


Principles of sand segregation and methods 
for its control were explained at the January 
meeting of the Twin City Chapter by W. D. 
Chadwick, Manley Sand Co., Rockton, Ill. 
Movies using colored sand illustrated the 
action of sand under various conditions. Chad- 
wick illustrates a point, watched by Chapter 
Vice-Chairman and program chairman Harry 
Blumenthal, American lron & Supply Co. 
—Matt Granlund 


New England Chapter 

Molding Sand Practices 

@ Sand economies as they have been 
put into operation at the Elmira plant 
of General Electric Co. were ex- 
plained at the January meeting by 
William G. Parker, General Electric 
Co. 

Parker showed slides indicating 
various characteristics of sand mix- 
tures. One hundred and twenty-five 
chapter members attended the meet- 
ing with Chapter President Ahti A. 
Erkkinen, Fremont Casting Co., Wor- 
cester, Mass., presiding. 

—Fred S. Holway 


Western Michigan Chapter 
Veining and Penetration Talk 


@ An illustrated lecture on veining 
and penetration was given at the Jan- 
uary meeting by George DiSylvestro, 
American Colloid Co., Skokie, Ill. 
—John R. McNamara 
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Officers of Northeastern Ohio Chapter: seated, 
Chairman A. H. Hinton, Aluminum Co. of 
America; Vice-chairman N. J. Stickney, Sand 
Products Corp.; Treasurer H. R. Strater, North 
American Refractories Co.; Secretary H. E. 
Heyl, Archer-Daniels-Midland Co. 

—Sterling Farmer 


Wisconsin Chapter 
Marketing Your Product 


@ Foundries must conduct an aggres- 
sive marketing program not only to 
retain present business but to obtain 
new applications, S. C. Massari, AFS 
Technical Director, told Wisconsin 
foundrymen at the January meeting. 

Massari point- 
ed out that found- 
ries regardless of 
size could put a 
marketing pro- 
gram into effect. 
He listed sourses 
available for 
obtaining pertin- 
ent information 
on manufactur- 
ers. The speaker 
pointed out that improved foundry- 
customer relations must be maintained 
and the customers must be constantly 
informed. 

Through a series of slides, Massari 
showed various products had been 
converted from other forms of fabri- 
cation to castings, pointing out that 
these were typical of hundreds of 
other possible conversions. 

—Bob DeBroux 


S. C. Massari 


Prizes at the Detroit Ladies Night were award- 
ed for the shortest and longest marriages. Mr. 
and Mrs. W. Sward on left and Mr. and Mrs. 
L. Curtin on right were the winners. 
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New developments and practical applications 
of core and mold coatings and washes were 
discussed at the January meeting of the 
Northeastern Ohio Chapter by Gene Passman, 
Frederic B. Stevens, Inc., Detroit. Passman, 
on left, is about to be introduced by tech- 
nical chairman Wm. Mahoney, Madison Found- 
ry Co., Cleveland. —Harold Wheeler 


Eastern New York Chapter 
Safety in the Foundry 


@ Common hazards in foundries were 
discussed at the November meeting 
by Edward J. Waring, safety consult- 
ant. He warned that a foundry can be 
held responsible for injuries recieved 
by employees of a contractor hired to 
do a special job. Waring also ex- 
plained how assistance and informa- 
tion may be obtained from. state 
compensations boards on foundry haz- 
ards. 

Approximately 80 members and 
their wives attended the chapter's 
first Christmas party and ladies’ night. 

—Leonard C. Johnson 


afs 


chapter meetings 


MARCH 


Birmingham District . . March 11 
University of Alabama, Tuscaloosa, Ala. 
. . Program by Student Chapter. 


British Columbia . . March 18 . . Leon’s, 
Vancouver, B. C. . . N. Janco, Centrifu- 
gal Casting Machine Co., “Centrifugal 
Casting.” 


Canton District . . March 3 . . Town & 
Country Restaurant, Route 30, Between 
Canton and Massillon, Ohio . . B. C. 
Yearley, National Malleable & Steel 
Castings Co., “Gating & Risering.” 


Central Illinois . . March 7 . . Vonachen’s 
Junction, Peoria, Ill. . . D. L. LaVelle, 
American Smelting & Refining Co., Fed- 
erated Metals Div., “Aluminum Casting 
Defects & Their Correction.” 


. March 7 . . Athen- 
. Panel from In- 


Central Indiana . 
aeum, Indianapolis . 


ternational Harvester Co., American 
Foundry Co., National Malleable & Steel 
Castings Co., “Control Procedures in Core 
& Foundry Sands.” 


. March 16 . . Hart 
“Refrac- 


Central Michigan . 
Hotel, Battle Creek, Mich. . . 
tories.” 


Central New York . . March 11 . . Drum- 
lins, Syracuse, N. Y. 


Central New York, Southern Tier Sec- 
tion . . March 19 . . Chemung Foundry 
Corp., Elmira, N. Y. 


Central Ohio . . March 14 . . Shawnee 
Hotel Springfield, Ohio D. C. 
Williams, Ohio State University, “pH 
and Bonding of Foundry Sands.” 


Chesapeake . . March 25 . . Engineers’ 
Club, Baltimore, Md. . . R. A. Clark, 
Union Carbide Metals Co., “Use of Al- 
loys in Cupola Melting.” 


Chicago . . March 7 . . Chicago Bar 
Association, Chicago . . E. McFaul, 
“How to Keep Your Foot Out of Your 
Mouth.” 


Cincinnati District . . March 14 . . En- 
gineers’ Club, Dayton, Ohio . . C. A. 
Sanders, Amerivan Colloid Co., “Pro- 
gressive Trends in the Foundry.” 
Connecticut . . March 22 . . Waverly 
Inn, Cheshire, Conn. 


Corn Belt . . March 18 . . Marchio’s 
Steak House, Omaha, Neb. . . F. G. 
Kramer, Kramer Industrial Supply Co. 


Detroit . . March 3 . . Wolverine Hotel, 
Detroit. 


Eastern Canada . . March 11 .. Mt. 
Royal Hotel, Montreal, Que. . . S. L. 
Gertsman, Dept. of Mines & Technical 
Surveys, “Metal Penetration—The Found- 
ry Problem.” 


Eastern New York . . March 15 . . Pan- 
etta’s Restaurant, Menands, N. Y. 


Metropolitan . . March 7 Military 
Park Hotel, Newark, N. J. . . Gray Iron: 
O. Warner, Debevoise-Anderson Co.; 
Steel: H. R. Larson, American Brake 
Shoe Co.; Non-Ferrous: W. Battis and 
J. D. Allen, Federated Metals Div. 
American Smelting & Refining Co.; 
Round Table: “Melting.” 


Michiana . . March 14 . . Eagles Hall, 
Warsaw, Ind. . W. H. Voll, Sibley 
Machine & Foundry Co., “Your Sales 
Are Made in the Foundry”; R. H. Clarke, 
Dalton Foundries, Inc., Film on Found- 
ry Operation. 


Mid-South . . March 12 . . Claridge Ho- 
tel, Memphis, Tenn. . . H. W. Schwengel, 
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1300 pound cast frame for large high speed to assure accurate alignment of shafts 


bag-making machine. L. Brayton Foundry 
Co. uses a 1% nickel cast iron for frames 


and cross members during assembly by 
St. Regis Paper Company, East Providence. 


How nickel irons help you maintain 
control of large, complex castings 


One of the easiest ways to obtain 
dimensional stability in a big, intri- 
cate casting is to use a nickel cast 
iron. 

Take the matched frame members 
shown above, for example. 

You'll see the problem right away. 
Unless cored holes and to-be-ma- 
chined surfaces line up almost per- 
fectly ... up go machining costs. 

Now notice the heavy bosses and 
ribs. And take note that the sup- 
porting web is %4-inch thin. You 
would expect some chill in this web 
and a tendency to warp. And you 
might forecast a costly stress relief 
or expensive set-up time in machin- 
ing operations. 

L. Brayton Foundry got around all 


this quite easily. By using a nickel 
cast iron mix, they were able to 
deliver these frames “as cast” and 
meet all requirements for dimen- 
sional accuracy. 


Nickel irons give you more control over 


chill...help keep warping stresses low 


Nickel cast irons show less tendency 
to chill. With these irons, structure 
is more uniform. Build-up of inter- 
nal warping stresses in large, com- 
plex castings is not as high. 

What’s more, selection of the right 
grade of nickel iron gives you im- 
proved control over structure, and 
hence, machinability, wear resist- 
ance, strength and other properties 
desired by you and your customers. 


Pass on to your customers the 
benefits of nickel cast irons 


Next time you have an order coming 
up for a large, complex casting, look 
into the economics of nickel cast 
irons. You may be able (1) to reduce 
your own costs or (2) to provide 
your customer with a much better 
casting. 

Maybe you can do both. The way 
to find out is to contact Inco. Inco’s 
engineering service can help you... 
on either a special foundry problem 
or to help convince a customer. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street jikeo, New York 5, N.Y. 


INCO NICKEL 


NICKEL MAKES CASTINGS PERFORM BETTER LONGER 
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REFRACTORY 
GATING 
COMPONENTS 


@ The Thinwal construction, pro- 
viding as much as 35% lighter weight 
will not spall nor erode in use even 
at temperatures up to 3250°F. They 
eliminate slag inclusions, stop re- 
jects, reduce cleaning room time. 


Standards and specifica- 
tions bulletin available 
on request. Units for spe- 
cial applications quoted. 


POURING TUBES 
MATCHED ENDS 
AND 
PLAIN ENDS > 


BENT TUBES 


POURING 
BASINS 


STRAINER CORES 
ROUND OR 
RECTANGULAR 


SPLASH 
CORES 
v 


CLAY PRODUCTS CO. 


1505 First St. © MAin 6-4912 © Sandusky, Ohio 
Circle No. 163, Page 9 
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Modern Equipment Co., “New Develop- 


ments in Equipment for Melting & 
Charging.” 


Fairfax Air- 
. Past Presi- 


Mo-Kan . . March 17 . . 
port, Kansas City, Kans. . 
dent’s Night. 


New England . . March 9 . . University 
Club, Boston. 


Northeastern Ohio . . March 10 . . Tudor 
Arms Hotel, Cleveland Ferrous 
Group: T. W. Harvey, Grabler Mfg. 
Co., “Operation & Maintenance of Mold- 
ing Machines”; Non-Ferrous Group: W. 
A. Mader, Oberdorfer Foundries, Inc., 
CO2 Core Experience in a Non-Fer- 
rous Foundry”; Pattern Group: L. Sch- 
midt, Aluminum Co. of America, “Pat- 
terns—Efficient Tools for the Foundry.” 
Joint Meeting with Non-Ferrous Foun- 
ders’ Society. 


Northern California March 14. . 
Red Rooster Restaurant, Oakland, Calif. 
.. N. Janco, Centrifugal Casting Machine 
Co., “Centrifugal Casting.” 


Northern Illinois & Southern Wisconsin 
. March 8 . . Beloit Country Club, 
Beloit, Wis. 


Northwestern Pennsylvania . . March 28 
. . Amity Inn, Erie, Pa. . . W. L. Adams, 
Eastern Clay Products Dept., Internation- 
al Minerals & Chemical Co., “Pressure 
Molding to Date.” 


Ontario . . March 25 . . Royal Con- 
naught Hotel, Hamilton Ont. . . Panel, 
“Castings from Customer's Point of View” 
and “Management's Task in a Compet- 
itive Industry.” 


Oregon . . March 16 . . Heathman Ho- 
tel, Portland, Ore. . . N. Janco, Centrif- 
ugal Casting Machine Co., “Centrifugal 
Casting.” 


Philadelphia . . March 11 . . Engineers’ 
Club, Philadelphia . . R. L. Rouviere, 
Devcon Corp., “Use of Plastics in Mak- 
ing Patterns & for Other Foundry Uses.” 
Piedmont . . March 4 . . Spartansburg, 
S &...% W. Distett, Hany W. 
Dietert Co., “Sand Control.” 


Pittsburgh . . March 21 . . Webster Hall 
Hotel, Pittsburgh, Pa. . . F. W. Boulger, 
Battelle Memorial Institute, “Effects of 
Hydrogen & Nitrogen on Ductility & 
Porosity of Steel Castings.” 


Quad City . . March 21 . . Le Claire 
Hotel, Moline, Ill. . . D. J. Henry, Met. 
Eng. Dept. Research, GMC, “Planning 
for 20th Century Foundry.” 


Rochester . . March 1 . . Manger Hotel, 


Rochester, N. Y. 


Saginaw Valley . . March 3 . . Fischer’s 
Hotel, Frankenmuth, Mich .. . W. R. 
Weaver, Modern Patterns & Plastics, 
Inc., “Cast to Size_Patterns, Die Blocks 
& Permanent Molds.” 


St. Louis District . . March 10. . Ed- 
mond’s Restaurant}, St. Louis. 


Southern California March 11 


Rodger Young Auditorium, Los Angeles 
. . N. Janco, Centrifugal Casting Ma- 
chine Co., “Centrifugal Casting.” 


Tennessee . . March 25 . 
Inn, Chattanooga, Tenn. 


. Wimberly 


Texas, San Antonio Section . . March 21 

Alamo Iron Works, San Antonio, 
Texas W. Rieser, Glenney Pattern 
Works, “Patterns.” 


Toledo . . March 2 . . Heatherdowns 
Country Club, Toledo, Ohio. 


Tri-state . . March 11 . . Alvin Hotel, 
Tulsa, Okla. . . R. W. Trimble, Bethle- 
hem Steel Co., Round Table Discussion. 


Twin City .. March 8 . . Jax Restaurant, 
Minneapolis . . R. W. Ruddle, Foundry 
Services Inc., “Fluxing.” 


Utah . . March 21 . . N. Janco, Centrifu- 
gal Casting Co., “Centrifugal Casting.” 


Washington . . March 17 . . Engineers’ 
Club, Seattle . . N. Janco, Centrifugal 
Casting Machine Co., “Centrifugal Cast- 
ing.” 


Western Michigan . . March 7 . . Scot- 
ties’, Grand Rapids, Mich. . . P. F. 
Erlandson and J. Albanese, Acme Resin 
Corp., “Shell Molding & Cores.” 


Western New York . . March 4 . . Shera- 
ton Hotel, Buffalo, N. Y. . . Educational 
Committee Program on “Ductile Iron.” 


Wisconsin March | Schroeder 
Hotel, Milwaukee . . O. J. Myers, Reich- 
hold Chemicals, Inc., “Air-Set & Self- 
Curing Binders.” 


APRIL 


Birmingham District . . April 8 
Thomas Jefferson Hotel, Birmingham, 
Ala. . . T. W. Seaton, American Silica 
Sand Co., “Dry Sand Segregation.” 


Canton District . . April 7 . . Roumanian 
Hall, Alliance, Ohio . . C. Winninger, 
Beardsley & Piper Div., Pettibone Mul- 
liken Co., “Sand Reclamation.” Recogni- 
tion Night. 


Central Illinois . . April 4 . . Vonachen’s 
Junction, Peoria, Ill. . . G. DiSylvestro, 
American Colloid Co., “Veining & Pen- 
etration.” 





Smoothly sanded Transite Core Plates 
bring new precision to core production 


Tough asbestos-cement composition keeps them: 
true over long service life 


Experienced foundrymen know they can depend on 
Transite® Core Plates for fast, accurate production of 
precision cores, day in and day out . . . even under 
heaviest production schedules. 

For toughness and durability, these smoothly sanded 
boards are fabricated of fibrous asbestos and cement 
in a special Johns-Manville process. Extremely strong 
and lightweight, they resist shock and corrosion, will 
not crack or break under normal use. Boards can be 
easily cleaned, too. 


JOHNS -MANVILLE 


JOHNS-MANVILLE 9/7) 


PRODUCTS 


Transite Core Plates have proved themselves in hun- 
dreds of ferrous and non-ferrous foundries all over the 
country. They maintain their smooth, level surface year 
after year with a minimum of warpage and wear. 


r 


FREE new folder gives complete information 


Whether or not you now use Transite 
Core Plates, there are many gains to 
be had from a careful study of our new 
folder IN-219A. It gives complete 
specification data— weights, sizes, 
thicknesses. Send the coupon below. 


Johns-Manville, Box 14, New York 16, N. Y. 
(In Canada, Port Credit, Ontario) 


Please send me booklet IN-219A at no cost or obligation to me. 


Name Position 








Firm 





Address 





City Zone State 
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long-run 


with Perfect 
FLEXIBILITY 

wes RAY 
Temperature! 


Industrial 


TYPE 592T 


Type 592T, standard ladle 
recommended for automated 
production, is simple, safe, 
strong and dependable. 

This ladle with Industrial Uni- 
versal Bail eliminates gear 
bind and drag — frees the 
Foundryman forever from all 
heat distortion troubles. 

Bail connection needs no 
lubrication or adjustments. 
Trunnion bearings have per- 
fect freedom of movement 
within carefully determined 
limits. Result: A ladle with 
longer, more profitable life, 
immeasurably greater ease 
of operation than is assured 
in any other equipment. 


ndustrial 


EQUIPMENT COMPANY 


271 OHIO STREET, MINSTER, OHIO 
‘ Circle No. 165, Page 9 
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let's get personal 
Continued from page 24 


bide Corp. Dr. Cris has been manager, 
research and development department of 
Union Carbide Olefins Co. since 1957. 
Dr. Jette has been director of research for 
Union Carbide Research Institute since 


1956. 


Wm. J. Grede . . . formerly president, 
Grede Foundries, Inc., Milwaukee, has 
become chairman of the board, a newly- 
created position. Burleigh E. Jacobs, Jr., 
formerly a vice-president and director, 
becomes the second president of the 
business formed in 1920. Other officers 
are: vice-chairman and Ist vice-pres- 
ident, Arthur L. Grede; vice-presidents, 
James J. Ewens and John W. Perry, Jr.; 
secretary-treasurer, E. W. Schenck; as- 
sistant secretary-treasurers, David Sae- 
wert and Helen Kendall; general 
counsel, Richard H. Tyrrell. 


William B. Wallis . . . president for 21 
years of Lectromelt Furnace Div., Mc- 
Graw Edison Co., Pittsburgh, Pa. and 
AFS President 1948-49, has been re- 
tained on a full-time basis by Strategic 
Materials Corp., New York, as a consult- 
ing engineer to assist in the promotion 
of the Strategic-Udy processes. These are 
designed to recover metal values from 
standard-grade, low-and off-grade and 
complex ores and waste materials. 


W. B. Wallis C. Taylor 


Colin Taylor . . . has been named super- 
intendent of Superior Alloys Co., South 
San Francisco, Calif., a subsidiary of 
Superior Electrocast Foundry Co. Tay- 
lor was formerly foundry engineer for 
Curtiss-Wright Corp., Buffalo, N. Y. 


Paul H. Magnus II . . . vice-president, 
Rosedale Foundry & Machine Co., Pitts- 
burgh, Pa., has been elected executive 
vice-president. He joined Rosedale in 
1948 as an engineer and became vice- 
president in 1953. Donald H. Ambrose, 
formerly foundry superintendent of Rose- 
dale has been elected a vice-president. 
He joined Rosedale in 1947 as a metal- 
lurgist and was previously assistant 
superintendent. 


Robert W. Gossard . . . and Herbert J. 
Niemann, have been named as managers 
of the newly formed Pangborn Corp. 
Milwaukee and Indianapolis districts. 
Gossard was formerly manager of the 
Chicago district as head of the Wiscon- 
sin branch office. Niemann has been a 


sales engineer with the Chicago district. 
J. Donald FitzGerald is now an abrasive 
sales engineer for the Cleveland district. 
He was formerly with Copperweld Steel 
Co., Cleveland. 


Joseph F. Knight . . . has been appointed 
manager of operations for the Kaiser Re- 
fractories & Chemicals Div. and will be 
responsible for administration of all of 
the division’s manufacturing facilities in 
the U. S. These include plants at Nativi- 
dad and Moss Landing, Calif., Columbi- 
ana, Ohio; Midland, Mich.; Mexico, Mo.; 
Frostburg, Md.; Niles, Ohio; and Van 
Dyke, Pa. Charles A. Smith, who was ap- 
pointed a vice-president of Kaiser Alu- 
minum & Chemical Corp., following the 
merger in 1959 with Mexico Refractories 
Co., will coordinate the division’s re- 
search and product development, techni- 
cal services, engineering and raw mate- 
rials. He will headquarter in Oakland, 
Calif. David H. Mogill has been named 
Atlanta district sales manager, he was 
formerly superintendent of planning at 
Kaiser Aluminum’s Ravenswood, W. Va., 
Works. 


Wayne J. Mitchell . . . has been named 
Link-Belt Co. district manager at Port- 
land, Ore., succeeding Lester T. Graham 
who is retiring after 42 years. Mitchell 
joined Link-Belt in 1948 and had been 
sales engineer at Portland since 1956. 
7 

Clarence W. Rowsey . . . has been named 
personnel and safety director at Hamil- 
ton Foundry, Inc., Hamilton, Ohio. He 
rejoins Hamilton after two years with 
National Lead Co. of Ohio. Paul H. 
Roesch has been named assistant pattern 
foreman. He has been with Hamilton 
for over 13 years. 


Maurice McQuiggan has joined 
Standard Refractories Ltd., Hamilton, 
Ont., Canada, and will be responsible 
for operations in Quebec and the Mara- 
time provinces. 


Francis P. Iapalucci . . . is now plant 
manager, Lake Erie Machinery Corp., 
Buffalo, N. Y., a subsidiary of Wheel- 
abrator Corp., Mishawaka, Ind. In the 
past he has been associated with Ford 
Motor Co., Livonia, Mich. and Chrysler 
Corp., Centerline, Mich. 


Gaylon D. Robinson . is now an 
abrasive sales engineer, Chicago dis- 
trict, for Pangborn Corp., Hagerstown, 
Md. He was product manager, New 
Castle Products. 


Lee P. Burgess . . . has been named as 
vice-president, Belcher Malleable Iron 
Co., Easton, Mass. He joined the Belcher 
organization in 1959 after serving 21 
years at the Wire Rope Corp. of America. 


Goff Smith . . . Lester T. Moate and 
William V. Covert have been elected 
vice-presidents of American Steel Found- 
ries, Chicago. J. Ross Drever has been 
elected president of the two Griffin 
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a completely new unit 
with four-wheel drive 


This tractor-shovel is the smallest “PAYLOADER” ever 
built with 4-wheel drive. In spite of its compact size 
and modest price, it has the latest improved features 
and refinements of larger “PAYLOADER” units, and 
many performance advantages not found in any 
other machine. 


Four-Wheel Brakes: Powerful hydraulic type, and 
sealed to keep out dust and dirt. 


Full Power-Shift Transmission plus torque-converter: 
Three speed ranges in each direction. All shifts in 
either direction can be made “on-the-go” with a flick 
of the fingers — no foot clutching. 


Operator Visibility and Safety: New slope-down 
front end lets operator see bucket-loading action. All 
moving members are removed from operator’s con- 
tact. He gets on and off safely with a fixed ladder 
and hand rails. 


Closed Pressure-controlled Hydraulic System: Oil 
reservoir is closed and pressurized to exclude air- 
borne dirt and dust — includes a cartridge type oil 
filter and fine-mesh strainer. 


Positive Oil Cooling: Separate fan-cooled oil-to-air 
radiator assures positive cooling of transmission and 
torque-converter oil. 


Maximum Accessibility: Fuel tank and transmission 
can be checked and filled from ground level. Easy 
access to battery, engine and other necessary points. 


Your Hough Distributor is ready to give you data on 
this H-30 or any of the other “PAYLOADER” sizes from 
2,000 to 12,000 Ib. operating capacity. There’s a 
model to meet your bulk material handling needs, 
indoors or outdoors. He also has complete service and 
parts facilities, backed by factory service personnel, 
to keep your “PAYLOADER” investment profitable. 


HOUGH, PAYLOADER, PAYMOVER, PAYLOGGER and PAY are regis- 
tered trademark names of The Frank G. Hough Co., Libertyville, tll. 


772 H.P.— 1 cu. yd. bucket . . . 3,000 Ib. 
operating capacity 


more power, more reach and more dumping 
height than any comparable machine 


THE FRANK G. HOUGH CO. [(¢@ 
LIBERTYVILLE, ILLINOIS Ba 
SUBSIDIARY — INTERNATIONAL HARVESTER COMPANY | 


THE FRANK G. HOUGH CO. 
711 Sunnyside Ave., Libertyville, Il. 


——— Send data on new H-30 “‘PAYLOADER" 
—— Send duta on other models and attachments 


Name 





Title 





Company 





Street 





City Stote 
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subsidiaries, Griffin Wheel Co. and Grif- 
fin Steel Foundries, Ltd. Robert H. Wel- 
lington and C. Fred Strom were elected 
vice-presidents of Griffin Wheel Co., 
Chicago. John F. Probst has been elect- 
ed as president of the A.S.F. subsidiary, 
South Bend Lathe, Inc. He was former- 
ly vice-president. 


John F. Torley . . . has been named 
vice-president, manufacturing, of the Na- 
tional Malleable & Steel Castings Co. 
Industrial Div., Cleveland. He had been 
manager of the company’s Chicago 
works; that position is now held by 
William Jost, Jr. Torley joined the Na- 
tional Malleable Sharon, Pa., works in 
1946 as an engineer. Jost joined the 
company’s Melrose Park, Ili., works in 


1939. 


John V. Houston, Jr. . . . has been ap- 
pointed assistant manager of West Coast 
sales and development, Climax Molyb- 
denum Co., Div. American Metal Cli- 
max, Inc. Houston will operate from 
the Los Angeles office. He was formerly 
associated with American Brake Shoe 
Co. 


R. A. Wilson . . . General Mills, Inc., 
vice-president, and general manager of 


its mechanical division is now president 
of Magnaflux Corp., Chicago, now a 
General Mills subsidiary. F. B. Doane, 
one of the Magnaflux founders formerly 
president, has retired from active man- 
agement but remains as a consultant. 
Heading operations in Chicago are W. 
E. Thomas, executive vice-president; 
C. E. Betz, vice-president and assistant 
to the president; W. D. Reid, vice- 
president, manufacturing and treasurer; 
R. O. Schiebel, vice-president, market- 
ing; Hamilton Migel, Vice-president, re- 
search and engineering. 


Ernest A. Hund .. . active in the foundry 
industry for the past 25 years is now a 
manufacturers’ agent for several manu- 
facturers in the tri-state area embracing 
southern Indiana, southern Ohio and 
northern Kentucky. 


obituaries 


J. Richard Holmgreen, 98, one of the 
original founders of the Alamo Iron 
Works, San Antonio, Texas, died Dec. 


Holmgreen 
business 


12. He was one of four 
brothers who established the 


in 1898. 


John W. Horner, Sr., 81, president of 
Slack-Horner Brass Mfg. Co., Longmont, 
Colo., and son of a pioneer Denver fam- 
ily, died in January. He became a partner 
in Slack-Horner in 1907. In 1958 he 
was presented with an AFS gold pin for 
50 years in the foundry industry. 


Carl E. Erickson, president, Franklin 
Foundry Co., Hyde Park, Mass., died 
Dec. 7. 


George H. Hammon, secretary and su- 
perintendent, Fairfield Aluminum Cast- 
ings Co., Fairfield, Iowa, died Dec. 31. 


Laz Chapman, chairman of the board, 
H. Kramer & Co., Chicago, died Feb. 15. 


Frederick C. Sammons, Los Angeles dis- 
trict manager, General Refractories Co., 
died at his home Jan. 16. Sammons 
joined General Refractories in 1945 when 
the company acquired Refractories Com- 
pany of Los Angeles. 


Edward M. Falk, 51, sales manager, 
W. W. Sly Mfg. Co., Cleveland, died 
suddenly Jan. 8. He had been with the 
Cleveland firm for 22 years. 
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DONT SAVE PENNIES TO LOSE DOLLARS 


the lowest-priced abrasive can be an expensive bargain 


Your real concern is the x/timate cost of the blast cleaning abrasive you use, not its price 
per ton. Abrasive quality and performance controls your actual blast cleaning 

costs. Lower priced abrasives can cost you more, in excessive shot consumption, 

lower production volume, poor quality of work and excessive machine 


maintenance. In case after case, high quality | 
7! : 


\ _ 
\ a 


Wheelabrator Steel Shot has proven to be 


the Jowest-cost abrasive, all factors considered. Le 


5 wl 


You can prove the savings you'll 
make with Wheelabrator Steel Shot 


Your Wheelabrator Abrasive Engi- 
neer will demonstrate the perform- 
ance of Wheelabrator Steel Shot in 
your own plant. For details write to 
Wheelabrator Corp., 630 S. Byrkit 
St., Mishawaka, Ind. In Canada, P.O. 
Box 490, Scarborough, Ontario. 


WHEELABRATOR 
STEEL ABRASIVES 
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REDUCE 
YOUR 
COSTS 


CHERRY EASY-OFF FLASK 


ALUMINUM EASY-OFF FLASK 





Look at these features and 
you'll agree that the Adams 
line can mean economy, effi- 
ciency, and better molds for 
your foundry. 

Above is the Adams jacket 
available in either cast iron or 
cast aluminum, They are cast 
from a top grade metal mix- 
ture best suited for their 
purpose. The sturdy construc- 
tion as a result of the vertical 
ribs inside and _ horizontal 
ribs outside plus the handles 
at either end assure you of 
long life for this equipment 
and ease in handling. These 
jackets afford you MAXI- 


ADAMS Cast Iron or 


Cast Aluminum Jackets 


MUM STRENGTH with 
MINIMUM WEIGHT. 

Here are jackets that as- 
sure you perfect mold fit— 
will give you the greatest 
strength while under pouring 
strain—allow for free flow of 
gases all because of INSIDE 
CORRUGATIONS. These 
VENTILATED jackets are 
first choice in foundries across 
the nation. 

Look into the advantages 
cast iron or cast aluminum 
can offer you depending upon 
your foundry needs. We will 
be happy to make recommen- 
dations to fill your require- 
ments. 


For the most complete line of flask 


equipment available .. . always look to Adams! 


The ADAMS Company 





700 FOSTER ST., 


DUBUQUE, IOWA, U.S.A. 
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STEEL FOUNDERS’ SOCIETY OF 
AMERICA .. . board of directors at its 
January meeting 

elected W. H. 

Moriarty, National 

Malleable & Steel 

Castings Co., 

Cleveland, as presi- 

dent. Other officers 

elected: vice-presi- 

dent, F. B. Powers, 

Burnside Steel 

: Foundry Co., Chi- 

W. H. Moriarty cago; executive 
committee, R. M. Schumo, Pennsylvania 
Electric Steel Castings Co., Hamburg, 
Pa.; treasurer, R. G. Parks, National 
Malleable & Steel Castings Co., Cleve- 
land; executive vice-president and _ sec- 
retary, F. Kermit Donaldson; technical 
and research director, Charles W. Briggs; 
market development director, George 
K. Dreher; assistant secretary, Erwin 
Dieckman. Officers were elected for one- 
year terms, taking office at the conclu- 
sion of the society’s annual meeting in 
Chicago, March 7-8. 

Four new directors were elected by 
members of divisions 1,3,5 and 7. 
Elected for two-year terms ‘were: R. M. 
Schumo, Division 1; John A. Ross, 
Dibert, Bancroft & Ross Co., J.cd., New 
Orleans, La., division 3; W. J’. Dudley, 
Ohio Steel Foundry Co., Springfield, 
Ohio plant, division 5; J. F. Eberle, 
Missouri Steel Castings Co., Joplin, Mo., 
division 7. 

At the annual meeting to be held at 
the Drake Hotel, reports will be given by 
retiring president Ross L. Gilmore, Sup- 
erior Steel & Malleable Castings Co., 
Benton Harbor, Mich.; R. G. Parks, 
society treasurer; and F. Kermit Donald- 
son, society executive vice-president. 
Awards and medals will be presented 
at the Monday, March 7, luncheon. 
Clyde B. Jenni, General Steel Castings 
Corp., Eddystone, Pa., will receive the 
society's technical and operating award 
for outstanding contributions to the 
steel castings industry. 

At the Tuesday session, a_ special 
panel of past presidents will discuss 
“The Society in the Decade of the 60's.” 
Members will be A. M. Andorn, Penn 
Steel Castings Co., Chester, Pa.; H. A. 
Fosberg, Western Castings Sales, Foun- 
dry & Mill Machinery Div., Blaw-Knox 
Co., East Chicago, Ind.; and T. H. 
Shartle, Texas Electric Stee] Casting Co., 
Houston, Texas. 
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NON-FERROUS FOUNDERS’ SOCIE- 
TY ... at its 1960 winter meeting at 
Houston, Texas, discussed casting toler- 
ances, foundry costs as well as marketing 
and public relations. Casting tolerances 
and quality standards proposed by the 
society's technical committee were pre- 
sented for round table discussion. 
George W. Stewart, East Bay Brass 
Foundry, Richmond, Calif., chairman of 
the technical committee, led the discus- 
sion. 

Quarterly operating cost comparisons 
and a discussion of cost cutting methods 
was led by Walter O. Larson, Grafton 
Foundry Co., Grafton, Ohio. Society 
president M.E. Nevins, Wisconsin Cen- 
trifugal Foundry, Inc., Waukesha, Wis., 
spoke on The Marketing-Technical-Cost 
Program; Dan A. Mitchell, Progressive 
Brass Mfg. Co., Tulsa, Okla., and society 
2d vice-president, outlined What Good 
Public Relations Mean to Us. A plant 
visit was made to Dee Brass Foundry. 


MALLEABLE FOUNDERS SOCIETY 
. . . predicts the probability of the best 
year by malleable founders since 1955 
and possibly the best of all time. Fore- 
casts based on backlogs and analyses of 
major market areas indicate a 1960 mal- 
leable production in excess of one million 
tons. The industry record is 1,105,000 
turned out in 1955. 


INVESTMENT CASTING INSTITUTE 
. . » has named C. A. Crawford as tech- 
nical director. He will supervise and 
coordinate the technical programs and 
the development of metal specifications 
and other standards. In 1920, Crawford 
joined the production department of In- 
ternational Nickel Co., continuing until 
his recent retirement. 


Arwood Corp. . . . New York, has been 
formed through a merger of Arwood Pre- 
cision Casting Corp. and Mercast Mfg. 
Co. Three Arwood Precision Casting ex- 
ecutives were named to top management 
posts. Rawson L. Wood becomes chair- 
man of the board, William I. Matthes 
becomes president and William O. 
Sweeney is executive vice-president. Ar- 
wood Corp. will operate seven major 
division—foundries in Tilton, N.H.; 
Groton, Conn.; Brooklyn, N.Y.; and Los 
Angeles for conventional investment and 
shell castings; a foundry in LaVerne, 
Calif., for frozen mercury and shell cast- 
ings and a central tool shop and re- 
search laboratory in Brooklyn, N.Y. 


The American Society of Tool Engineers 
. . . has added the words “and Manu- 
facturing” to its name, now becoming the 
Society of Tool and Manufacturing En- 
gineers. 


Pangborn Corp. . Hagerstown, Md. 
has established a Vibratory Finishing Di- 
vision, headed by William E. Brandt, 
and located at Hagerstown. A new line 
of finishing machines, based on the prin- 
ciple of air cushion vibration, will be 
announced soon. Pangborn is now mar- 
keting a line of precision barrel finishing 
and vibratory finishing media and com- 
pounds. 


Hysol Corp. . Olean, N.Y., is now 


the corporate name of the former Hough- 
ton Laboratories. 


General Electric Research Laboratory. . . 
Schenectady, N.Y., has announced a new 
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Cooperation Provides Funds for Oregon Museum 


@ A plaque commemorating the late 
C. F. Swigert, a Portland, Ore., resi- 
dent who established Electric Steel 
Foundry Co. in 1913, has been recent- 
ly installed in the Oregon Museum of 
Science and Industry in Portland. 
A $50,000 gift from the Swigert 
family and substantial amounts from 
other Portland businessmen, labor 
organizations and technical societies 
has made it possible to complete the 
museum without tax support. An ani- 
mated presentation in lights showing 
how a casting is produced was pre- 
sented by the AFS Oregon Chapter. 
Sons who reside in Portland are C. F. 
Swigert, Jr., former president and now 
chairman of the board of Electric 


Steel Foundry Co. and Ernest G. 
Swigert, president of Hyster Co. 


C. F. Swiger'?, and Ernest G. Swigert look 
at plaque insta'\-d at Oregon Museum of 
Science and Industry in honor of their father. 
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ROYER OFFERS A 
PRACTICAL SOLUTION TO 
HOT SAND PROBLEMS 


In today’s foundry operation, time is 
probably the most costly element the 
superintendent must deal with. Sand 
used for today’s casting must be con- 
ditioned and ready for use tomorrow. 
This frequently means sand condition- 
ing at temperatures ranging up to 300 
to 400°F. 

These destructive high temperature 
operating conditions seem to plague 
every foundryman. Foundry equipment 
suppliers have offered many possible 
solutions—cooling towers, shake-out 
belt cooling, water cooling, rotary cool- 
ing, bin cooling, etc. But probably no 
manufacturer has offered more thorough 
cooling per dollar of invested capital 
than that obtained with Royer 
equipment. 

All Royer Foundry Units employ the 
famous Royer Belt Combing Principle. 
In operation, a combing and mixing 
action takes place in the feed hopper. 
This breakdown of the hot sand mass 
releases the hot gases as the first step 


in Royer Cooling. Further cooling of 
the individual sand particles takes place 
as the conditioned sand is discharged in 
an open stream. And finally, the sand 
heap, now open, light and fluffy, con- 
tinues cooling at a very rapid rate. 
There is a Royer Foundry Unit to 
solve every sand conditioning problem. 
Your inquiry is invited. We promise 
prompt reply —without obligation. 
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Sand Conditioning costs can be reasonable 


When any industry suffers a business 
recession, however slight, the attention 
of its leaders automatically shifts to 
cost cutting and the elimination of 
waste. Many foundrymen peer wist- 
fully at the large, highly mechanized 
foundry and imagine semi-automation 
is the answer. 

Looking at the foundry industry 
realistically, this form of advanced 
mechanization is not the answer. 
Seventy-two per cent of the nation’s 
foundries employ less than 50 men— 
for most of these, advanced mechani- 
zation is both a physical and an economic 
impossibility. 

For these foundries, units like the 
highly efficient Royer MAGNA-SAN are 
the practical solution to most sand con- 
ditioning cost problems. Here is a unit 
that is foundry-engineered to magneti- 
cally clean, mix, blend and aerate shake- 
out sand right on the molding floor— 
and at a lower initial cost and with less 
maintenance than any other mechanical 
method. 

The Royer MacGna-SAn is ideally 
designed for use in the small and medium 
sized foundry —this 73 per cent who most 
need the advantages of mechanization 
but cannot pick up the bill. Compare 
this compact unit, in the drawing above, 
with your available working space. 
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Notice how the compact design permits 
easy maneuvering about crowded cast- 
ing floors. 

Capacity-wise, the Royer MAGNA- 
San conditions 45 tons of sand per 
hour—a full 8 per cent more than its 
closest competitor. And remember, it 
is a fact that economy of operation is 
determined by performance, which is 
measured by comparative expense per 
ton of sand conditioned. 

We invite you to see for yourself how 
reasonable sand conditioning costs can 
be. Send the coupon and we’ll rush your 
copy of the MaGNna-SAN Bulletin RM57 
to you by return mail. 


} =O» @ >) - OP 3 o) 08.8 2) = aa 
"7, © NO}; 0 8.8 > of oF 


155 PRINGLE STREET 
KINGSTON, PENNA. 


| want to know more about reasonable sand conditioning 
costs. Rush me your MAGNA-SAN Bulletin. 


NAME 





COMPANY 





ADDRESS. 
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technique for producing cast steel with 
lower sulphur content. A sulphur content 
of 0.012 per cent is generally considered 
good in conventional steel castings; with 
induction stirring equipment, this has 
sometimes been reduced to 0.008 per 
cent. The new technique makes possible 
as low as 0.003 per cent. The key to the 
new process lies in removing the sulphur 
by means of a reducing slag before, 
rather than after, other impurities are 
removed 


Vanguard Mfg. Co. . Cleveland, is 
the new corporate name for the former 
Vanguard Engineering Co. 


Institute of British Foundrymen . 
formerly located at Manchester, Eng- 
land, has moved to 14 Pall Mall, Lon- 
don S.W. 1, England. 


Great Lakes Carbon Corp. . . . and Cres- 
cent Petroleum Corp. have completed 
arrangements for an exchange of certain 
assets by which Great Lakes will acquire 
the plant and physical assets of Crescent 
Carbon Corp., Rosamond, Calif., a whol- 
ly-owned subsidiary of Crescent Petrole- 
um, and the latter will acquire all of the 
oil and natural gas holdings of Great 
Lakes Carbon Corp. in Indiana, Illinois, 
Kentucky and Kansas as well as its oil 
and gas holdings in the Garwood field in 
Texas. Great Lakes Carbon plans to make 


the plant and physical assets of Crescent 
Carbon a part of its electrode division, 
one of its five product divisions. 


Planet Corp. . . . Lansing, Mich., has ap- 
pointed two sales organzations. Bene- 
dict & Boggs Co., Birmingham, Ala., 
will cover sales in the Alabama region. 
Earl A. N. Johnson, Edmonds, Wash., 
will handle sales in Washington, Ore- 
gon, northern Idaho and British Colum- 
bia. 


Associated Foundry Services, Inc. . 
Los Angeles, has been appointed sales 
and service representatives in the 11 
western states by Revecon Furnace Co. 
The new division will be headed by 
Charles Smith, Robert Skinn and Stan 
Rollman. 


Quaker Alloy Casting Co. . . . Myerstown, 
Pa., has acquired Hartford Electric Steel 
Corp., Hartford, Conn., which will be 
operated as a subsidiary as New England 
Alloy Casting Corp. 


Armetco, Inc., newly formed metallurgi- 
cal company in Wooster, Ohio has pur- 
chased the plant and facilities formerly 
owned by Johnston & Funk Metallurgical 
Corp. The latter company recently moved 
its headquarters to Huntsville, Ala. The 
entire metallurgical, sales and produc- 
tion staff, will remain with Armetco. 


Hooker Chemical Corp. . Niagara 
Falls, N.Y., will move to its new corpo- 


rate headquarters, 666 Fifth Ave., New 
York, about March 1. 


Inland Chemical Corp. . . . Ft. Wayne, 
Ind., has been appointed a distributor of 
sodium and potassium silicates for Phila- 
delphia Quartz Co., Philadelphia. Inland 
has branches at Hammond, South Bend 
and Elkhart, Ind., and Cleveland and 
Toledo, Ohio. 


Eastern Engineering Co. . Granby, 
Conn., has been appointed as New Eng- 
land representatives for Johnston & Funk 
Metallurgical Corp., Huntsville, Ala. 


Harkins Engineering Sales Co. . . . In- 
dianapolis, has been appointed as Indi- 
ana sales representatives for Ajax Flexible 
Coupling Co. coupling and vibrating con- 
veyors. 


General Refractories Co., Indianapolis, 
has been appointed as distributor in the 
Indianapolis area for Baroid Chemicals, 
Inc., Houston, Texas. 


Frederic B. Stevens, Inc. . . . has a new 
warehouse and office in Indianapolis at 
5345 Lexington Ave. All Stevens facili- 
ties in Indianapolis are now located at 


this address. 


Precision Castparts Corp. . . . Portland, 
Ore., has announced plans for a 15,000 
sq ft addition to its plant bringing the 
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RIGID! 
EFFICIENT! 
SAFE! 


Hardness Tester 
FOR ON-THE-JOB ROCKWELL READINGS 


Extremely useful in making accurate hardness 
tests of warehoused stock or parts on the pro- 
duction line. Tester can be attached at any 
angle without affecting accuracy. No set-up 


“OLIVER” 
No. 416 - 36 inch 
BAND SAWING 

MACHINE 


time required . . . sectioning of specimens is 
eliminated. Fin gertip loading up to 150 kg. 
Read Rockwell a directly from large dials 
. . . NO conversion necessary. Rockwell Scales 
A, B, C, D, E, F, G, H, and K available as 
standard. Weighs just 3 pounds 6 ounces. 


For a demonstration, write Dept. MC-360. 


Cuts wood, metal, plastics. One-piece frame makes it 
strong and durable, free from vibration at any, speed. 
Table tilts 45 degrees to right, 5 degrees to left. Special 
guards make this the most completely safeguarded band 
saw on the market. Write for folder giving complete 
details. 


OLIVER MACHINERY COMPANY 
GRAND RAPIDS 2, MICHIGAN 
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Look! ... the NEW ‘Feedall” 


sand handling equipment for the smaller 
foundry, featuring greater flexibility and 
fast, easy installation. 


@ Answers The Small 
Foundries Sand 
Handling Problems 


@ Available With 
Complete Sand 
Conditioning 


& Available In 2, 3 or More 
Stations 


@ Pneumatic Gates 
Optional 


@ Extremely Rugged 
Construction 


@ Design Ensures 
Easy Erection 


Photograph courtesy 
of Bell Fount 


For complete information, write, wire or phone: 


F. E. NORTH AMERICA, Ltd. 


Manufacturers of molding machines, sandrammers, shell mold and core 
equipment, coreblowers, sand handling and sand conditioning equipment, 
shakeout, and other special equipment for the foundry industry. 


TELEPHONE: BELMONT 3-3227 
47 ADVANCE ROAD, TORONTO 18, ONTARIO, CANADA 
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Exothermic Materials 


in 
Steel 
Castings 


To meet the demands for “bet- 

ter” castings at “lower” costs, a 
technically sound risering system is a 
must. Risering can now be aided by 
moldable exothermic compounds. 
Making Exothermic Compounds — 

These materials are basically mix- 
tures of aluminum chippings, gran- 
ular refractory materials and chemi- 
cals which control the speed of igni- 
tion and burning of the material 
Also bonding agents are added to 
permit the materials to be mixed with 
water, molded into the desired shape 
and subsequently dried so that they 
form a hard refractory-like shape. 

Some typical properties of mold- 
able exothermic materials are: 
Green Strength 6 to 8 lb per sq in. 
Dry Strength 800 to 1200 lb per sq in. 
Dry Tensile 100 to 140 lb per sq in. 
Temperature Attained—3200 F. 
Heat Produced—800 calories per gram. 


How Exothermics Function — 


The sleeve temperatures attained 
are only of the order of 300 to 500 F 
above the temperature of the metal 
entering the riser. This small differ- 
ence in temperature, coupled with the 
relatively small amount of heat avail 
able from the material compared with 
the heat capacity of the metal, re- 
sults in negligible temperature rise of 
the metal in the riser. So exothermic 
sleeves basically perform the function 
of a self-heating refractory. 

In the case of insulated risers tha 
use of a protective covering on the 
top will increase the solidification 
time by about 5 times as com- 
pared to open top risers. Not only is 
the heat output of these materials 
important but you also should be con- 
cerned with the type of residue pro- 
duced. The best hot top material for 
use with exothermic sleeves is one 
which forms a permeable crust and 
stays at the top of the sleeve. A hot air 
gap forms as the casting freezes and 
metal is fed from the riser. 


Sizing the Riser — 


As the riser diameter increases a 
greater amount of the total shrinkage 
of the casting is compensated for by 
a steady fall in the level of liquid 
metal in the riser before piping takes 
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by Joun E. GorHeripcEe 
Foundry Services, Inc. 
Cleveland 


place during the latter stages of so- 
lidification. With the optimum diam- 
eter nearly all the metal in the riser 
is available for feeding the casting 
and it is possible to reduce the height 
of the riser to as low as 15 per cent. 
The wide, shallow type of head is the 
most efficient. 

There are two choices for obtain- 
ing directional solidification: either a 
large diameter sleeve with a rela- 
tively thin wall or a smaller diameter 
sleeve with a thicker wall. Usually 
the larger diameter sleeve will prove 
to be the most economical. Any 
savings in cut and grind costs effected 
by the smaller diameter will be more 
than offset by the increased weight 
of exothermic material. 

The relationship of diameter to sec- 
tion being fed is of the utmost im- 
portance in promoting directiona) so- 
lidification. Height is less important. 
Just be sure to make the sleeve high 
enough to hold sufficient volume of 
metal to feed the casting once the re- 
lationship between section thickness 
of the casting and the sleeve diameter 
has been established. 

The exothermic sleeve should be 
placed close to the casting face and 
under no circumstances should this 
distance exceed 0.2 of the riser dia. 


Economics of Exothermics — 


Economics are governed rather by 
section thickness than the weight of 
the casting. For instance, on thin sec- 
tion castings the ratio of the weight 
of exothermic material used to the 
weight of metal saved is of the order 
of 1:6 and for the heavier casting is 
in the relationship of 1:19. 

On a hundred pound casting mold- 
able exothermic materials will prove 
to be the cheapest way of making the 
casting unless the normal yield is 
greater than 49 per cent with a 
melting cost of $0.02 per lb or 60 per 
cent with melting cost, $0.04 per |b. 

On a 2000-lb casting, moldable ex- 
othermic materials will prove to be 
economical unless the normal yield is 
greater than 63 per cent at $0.02 
melting cost and 72 per cent at $0.04 
melting cost. 


This article contains highlights abstracted from 
a@ paper presented at the 1959 Penn State 
Foundry Conference. 
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by Raven A. CLark 
Union Carbide Metals Co 
Div., Union Carbide Corp. 
Cleveland 


mixture is greatly influenced by 

e interplay between the market price 
of iron in the form of scrap and the 
concentration of the addition agent. 
Highly concentrated sources of an 
element are most economical at times 
when the price of scrap is low. Mate- 
rials of lower concentration have the 
advantage on the market conditions 
involving high scrap prices. 

With pig iron used largely as a 
source of carbon in the cupola charge 
the carbon level of this material is of 
importance. Since the equilibrium car- 
bon decreases substantially with in- 


t The relative economy of a cupola 
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Self-Curing 


by O. J. Myers 
Reichhold Chemicals, Inc 
White Plains, N. Y 


Self-curing binders fill a precise 

demand for a special foundry prac- 
tice that combines both molding and 
coremaking methods. Drying oil gela- 
tion is the fundamental basis for the 
self-curing (cold setting, air setting, 
air curing, etc.) processes. However, 
it must be stressed that, although 
these descriptions indicate no elevat- 
ed temperature reaction, most cores 
are subjected to baking temperatures 
of approximately 425 F. 

© Since no water is present in the 
suggested sand mixture, the beneficial 
attribute of faster baking time is ap- 
parent. Baking speed is also promot- 
ed by formulating with much faster 
oxidizing oils than ordinarily found 
in regular core oils. 

© The self-curing process should 
be an easy one to control since only 
two additives are placed in the clean 
base sand. Unfortunately, control is 
difficult because of the dependence 
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crease in silicon it may be an econom- 
ic advantage to use iron of relatively 
low silicon content adding needed 
silicon as an addition agent. As an 
example, the carbon level of pig iron 
at 2 per cent silicon is in the range of 
3.9 per cent compared to approxi- 
mately 3.5 per cent for a 3.5 per cent 
silicon pig. 

For this reason 2000 Ib of the 
lower silicon pig will introduce as 
much carbon as a gross ton of the 
higher silicon product. Mixture of 
lower silicon pig together with ferro- 
silicon and steel scrap to introduce the 
same number of pounds of carbon, 
silicon, or iron will, under many mar- 
ket conditions, cost considerably less. 

The water-cooled cupola operated 
with basic or neutral slag promotes 
increased carbon absorption and 
makes practical increased use of steel 


Molds and Cores 


upon a chemical reaction to provide 
adequate air-set strength to permit 
core (or mold) handling. The speed 
of the chemical reaction which causes 
a self-curing oil to gel depends upon 
many factors—the most important of 
which is heat. 

® One problem involves control of 
heat input into the mixture to provide 
a relatively constant induction period 
before the development of air-set 
strength. Another complicating factor 
is the generation of heat during sand 
mixing. A further disturbing element 
is the exothermic oxidation reaction 
promoted by the catalyst during the 
production of air-set strength. 
SAND MIX FORMULATION 

® We can control the mixing cycle 
and the amount of accelerator used. 
These two factors serve as our main 
regulatory means to provide proper 
and adequate bench life before air- 
set strength develops. The role of the 
accelerator in the mixture is to pro- 
vide a means of oxidizing the oil to 
a gel. Many chemicals have been sug- 
gested and perform satisfactorily. 

® Any clean, dry, relatively clay- 
free sand may be used in the self- 
curing binder process. AFS grain fine- 
ness numbers between 40 and 120 
have been successfully employed. 


scrap in melting gray iron of normal 
analyses. 

Use of large percentages of stcel 
usually results in an economical metal 
charge but one which is deficient in 
silicon and manganese unless these 
elements are provided by other ma- 
terials. 

Carbon is the most important ele- 
ment in control of cast iron. The need 
for this element largely explains the 
high percentage of pig iron normally 
used in the cupola charge. Under 
certain market conditions it may be 
more economical to melt charges high 
in iron or steel scrap and obtain need- 
ed carbon by injecting crushed graph- 
ite into the molten iron. Several such 
installations are in operation furnish- 
ing satisfactory metal at low cost. 
Wider use of these processes would 
be reflected in increased usage of 


® A typical formulation is as fol- 
low S: 


1000 Ib 
20 |b 
1/2-2 lb 


dry sand 
self-curing oil 
accelerator 


The accelerator is thoroughly blended 
with the dry sand, after which the 
oil is added. 

© Due to the viscous nature of the 
oil, a minimum of one-half minute 
mixing time is suggested for the high- 
speed mixing equipment and two 
minutes for the slower type. It is 
best to immediately discharge the 
sand from the mixer into the core 
box or on the pattern. 

® The positive flowability of the 
discharged sand allows it to be 
packed into the desired shape with 
a minimum amount of effort. This 
mixture, once “struck-off,” must  re- 
main dormant during the induction 
period. If the mixture has not gained 
“set” strength during a_ reasonable 
length of time, more accelerator must 
be used to decrease this induction 
period. 
PRACTICAL APPLICATIONS 

® The self-curing process repre- 
sents an important step towards the 
potential complete elimination of mold 
and corebaking. Under normal condi- 
tions the gas evolution from a mold 
made with unbaked self-curing bind- 
ers is both less in quantity and slower 
in rate than that issuing from a mold 


addition agents to make up deficien- 
cies in manganese and silicon. 

We may see an increase in the 
practice of melting low silicon iron in 
the cupola, followed by ladle addition 
of inoculants for structure control as 
needed. Such a practice has the fol- 
lowing advantages: 

1) Low-silicon iron has high solu- 
bility for carbon during melting, 
making possible an economical 
charge. 

Improved mechanical proper- 
ties are obtained by inocula- 
tion of low-silicon base metal. 
Such a practice is extremely 
flexible in making it possible to 
match the analysis of the metal 
to the requirements for heavy 
or light section castings without 
changing the base charge. Most 
foundries produce a wide vari- 
ety of work and find such ex- 
pedients helpful. 

This article contains highlights abstracted from 


a paper presented at the 1959 Penn State 
Foundry Conference. 


containing moisture, clay, pitch, ce- 
reals and parting agents. 

® The major deterrent towards 
the use of self-curing binders in their 
unbaked state for exterior molds 
are: 1) the expense of new sand, 
and 2) the lack of persistent hot 
strength of the material. 

®To date, no high hot strength, 
self-curing binders have been pre- 
pared which allow the foundryman 
to take advantage of the extremely 
good flowability of the oil system 
and the high hot strength of thermo- 
setting resinous complexes. 

® Relatively small unbaked self- 
cured cores are currently in use by 
foundries. The gas evolution from 
two per cent organic binder is not 
much greater than when three per 
cent water, one per cent cereal and 
one per cent core oil binds a baked 
core. Proper venting of such unbaked 
cores is a prime requisite. More im- 
portant still is core selection. Only 
those cores which have adequate 
ventability should be considered. 


® Binder manufacturers are con- 
stantly striving to meet the require- 
ments of the foundrymen who desire 
an easily controlled, self-setting bind- 
er which requires no baking and has 
adequate hot strength. Only then 
can the process be considered com- 
pletely satisfactory. 
This article contains highlights abstracted from 


a paper presented at the 1959 Texas Regional 
Foundry Conference. 
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foundry trade news 
Continued from page 140 


total floor space to 50,000 sq ft. Space 
will be used for research and develop- 
ment and production. 


Mississippi Malleable Iron Co. . . . Mer- 
idian, Miss., has recently been activated, 
specializing in sprocket chains and light 
castings. The foundry is a subsidiary of 
Peoria Chain Co., a wholly-owned sub- 
sidiary of Peoria Malleable Castings Co. 
Officers are: president, L. E. Roby; vice- 
president and secretary, W. S. Roby; 
treasurer, John J. Jacobs; superintendent, 
Robert Mudd. 


Sierra Foundry Supply . . . San Gabriel, 
Calif., has been appointed representative 
in California for Ally Metal Abrasive Co., 
Ann Arbor, Mich. 


Dow Metal Products Co. . . . Div. of 
Dow Chemical Co., has transferred its 
magnesium and aluminum die-casting 
production operation from Midland, 
Mich., to Bay City, Mich. All Dow met- 
alcasting and fabricating operations are 
now consolidated in Bay City. 


Homer Foundry Corp. . . . Coldwater, 
Mich., has been purchased by Jack 
Bean, president; Harold Schroeder, vice- 
president and Philip G. Smith, secre 
tary-treasurer. They currently own and 


operate Bay City Foundry Co., Bay 
City, Mich. Frank Cooke has been ap- 
pointed as works manager. 


Grant Brothers Foundry Co. . . . one of 
Detroit’s oldest metalworking firms cele- 
brated its 50th anniversary in Decem- 
ber. The company is still located at its 
original address which has been con- 
siderably expanded. 


U. S.-produced aluminum . . . during 
1960 will be the largest in history, con- 
tinuing an upward trend which in 1959 
saw consumption increase nearly 17 per 
cent above the previous peak established 
in 1956, according to Frank L. Magee, 
president, Aluminum Co. of America. 


Aluminum Co. of America . . . has an- 
nounced that it is bringing its new 
150,000-ton Warrick, Ind., smelter nearer 
to the point where it can operate on short 
notice; and that the company was moving 
to complete a new die casting plant at 
Edison Township, N. J. 


Midvale Mining & Mfg. Co. .. . St. 
Louis, has been appointed as sales and 
service representatives for the Osborn 
Mfg. Co. molding machine division in 
Missouri, Kansas, Nebraska, Oklahoma, 
Arkansas, southwestern Illinois and met- 
ropolitan Council Bluffs, Iowa. 


Copper and Brass Research Association 
. . » New York, has announced its sec- 


ond annual competition to honor the 
year’s outstanding contribution to the 
use, application or metallurgy of copper 
and copper-base alloys. The prize will 
consist of $1000 and a bronze award. 


Furane Plastics, Inc. . . . Los Angeles, 
has opened a 6000-sq ft plant at Hemp- 
stead, Long Island, N. Y. 


Superior Alloys Co. . . . South San Fran- 
cisco, Calif., is a newly formed subsid- 
iary of Superior Electrocast Foundry Co. 
It is located in new quarters adjacent to 
Superior Electrocast for the production 
of high quality stainless steel castings. 


Pusey & Jones Corp. . . . Wilmington, 
Dela., in business since 1848, recently 
closed its foundry. 


Beloit Eastern Corp. . . . Dowingtown, 
Pa. a division of Beloit Mfg. Co., Beloit, 
Wis., currently occupying more than 
100,000 sq. ft. of space, has leased ap- 
proximately 40,000 additional sq ft for 
expansion of foundry and engineering 
facilities. 


Brown Metals Engineering, Inc. 

Elyria, Ohio, new division of Brown Fin- 
tube Co., now carries on all activities 
previously handled by Brown Thermal 
Products Corp. This includes foundry 
services, an engineering service and the 
sale of cupola hot-blast equipment. 
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THIS TRADEMARK HAS BECOME 


Long the trademark of Orefraction Zircon, 
this symbol has become a hallmark in the 


As the word Sterling is to Silver, Orefraction 
is to Zircon. Purity and Uniformity are assured. 


REMEMBER — THERE'S NO BETTER ZIRCON 
THAN OREFRACTION ZIRCON. 


New Foundry Industry Data Sheet and 
Name of Your Orefraction Distributor 
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You, too, can now enjoy the benefits of 
the complete Nalcast mold making system 
like many leading investment casting 
foundrymen. Less process time...lower 
material cost...closer tolerances...loarger 
castings...simpler methods, are some. Ask 
us for the full story. See how easily you 
can install this system to save time and 
money. No obligation, of course. 


FAST, DEPENDABLE SERVICE 
As Eastern distributor of Nalcoag and Nal- 
cast for National Aluminate Corporation of 
Chicago, Al der Saunders & C y 
can serve you quickly and dependably. 
Phone or write us for your Nalcast needs or | 
for ional i f casting require- 
ments. For both, we recommend— 
* Saunders Blue Wax * Sherwood Wax Injection 
Presses * Ecco High Frequency Melting | 
Equipment * and many other proven products 
Send for Catalog #56 for complete 

==a listing and description. 


ALEXANDER 














valuable asset: 


One of Semet-Solvay’s most valu- 
able assets is its recently expanded 
research facilities at Ashland, Ky. 
The uniformity and high quality of 
our Foundry Coke is directly attrib- 
utable to the constant research vigi- 
lance exercised in every phase of 
production from mine to finished 
product. Here at Ashland, in a coke 
test oven the measurable qualities of 
our coking coals are quickly ascer- 
tained and mixes adjusted to insure 
a uniform high quality. 

No pygmy this pilot plant test 
oven, but a large capacity unit tak- 
ing a 700-pound charge. The large 
size makes certain there will be no 
loss of accuracy in the interpreta- 
tion of results because of too much 
scaling down. Thus the coal charge 
and the setting of standards for 
full-scale operation, as determined 


Hite 
hemical 


by testing, are thoroughly reliable. 

Plans for the future call for a pro- 
gram of continued use of the pilot 
plant so that the cokes continually 
improve in uniformity. 

In addition to the high quality of 
the product, which stems from con- 
tinuous research, the purchase of 
your Foundry Coke from Semet- 
Solvay has many other advantages: 
Semet-Solvay plants and coal mines 
are strategically located to serve 
you. Availability is constant, thanks 
to Semet-Solvay’s extensive produc- 
tive facilities. Five coke sizes are 
available to meet the requirements 
of all sized cupolas and melting 
practices. And last but not least, 
we offer advice—a free metallurgical 
service department staffed by spe- 
cialized technicians. Their advice is 
yours for the asking. 


For Better Melting... 


NEW ASHLAND TEST OVEN 


Call your Semet-Solvay office today 
or write us directly for the complete 
story on Semet-Solvay Foundry 
Coke. You'll find it both interesting 
and profitable. 


SEMET-SOLVAY DIVISION 


DEPT. 570-B, 40 RECTOR STREET, NEW YORK 6, N.Y. 


Buffalo «+ Cincinnati « 


Cleveland « Detroit 


In Canada: ALLIED CHEMICAL CANADA, LTD., Semet-Solvay Dept., Toronto 
Western Distributor: WILSON & GEO. MEYER & CO., San Francisco+Los Angeles 
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New Cold-Curing 
Type Binders 


t New cold-cure type binders are be- 
ing developed to improve on cur- 
rent cold-set binders. The major im- 
provement in the new binder will be 
in the “no baking” properties. In the 
making of many castings in the 
smaller range, cores will not have to 
be coated with a refractory wash. 
Where a smooth finish is required, a 
wash should be used. 

To date varied results have been 
obtained by using alcohol base washes 
where the core is either torched or lit 
off. The proper wash will be devel- 
oped so that it can be applied, air 
dried for a short time and the core 
made ready for casting without con- 
cern to drying. 

When castings are over 2 in. thick 
and in excess of 2000 Ib, a coating of 
wash should be applied and the core 
placed in the oven or forced air dried 
for approximately 2 hr at tempera- 
tures of 200 F and over. High oven 
temperatures are not necessary. Only 
the water need be removed from the 
core surface and not allowed to get 


by Frank H. Detrore 
G. E. Smith, Inc. 
Pittsburgh, Pa. 


under the refractory skin. If it remains 
in the first few layers of sand, steam 
is generated and comes through the 
surface during the pouring operation. 
Cold-Cure Type 1: Is a resin type 
requiring no bake. A catalyst is used 
to control the sand life and the set- 
ting-up time of the core. 

Cold-Cure Type 2: Is composed pri- 
marily of vegetable-type oils. A differ- 
ent type activator causes a chemical 
reaction to bring about setting. 
Cold-Cure Type 3: Depends upon a 
chemical reaction which takes place 
between a binder and an especially 
compounded filler. This filler will be 
used as a sand additive in the ratio 
of 5 per cent by weight of the sand. 
It will require approximately twice 
the amount of binder per sand mix as 
compared to Type 1 and 2. With this 
binder it will be necessary to use ap- 
proximately 7 per cent water; how- 


ever, dry sands will not be necessary. 
This type will have sufficient green 
strength so that it can be readily 
adaptable to molding. Of great im- 
portance, it can also be used for pro- 
duction-type coremaking. This binder 
can be allowed to set up in the core 
box or the box can be rolled immedi- 
ately and the core will maintain its 
shape without deformation. The set- 
up time, using this binder, will not 
have to be controlled but can be set at 
any given period. Because the boxes 
can be drawn immediately, set time 
will be of no value except possibly in 
extremely deep boxes. 
® As of this report, considerable work 
has been done in testing all binders. 
Tests have been made on produc- 
ing preheater castings—casting weight 
1800 Ib. This was picked out as a 
typical medium-sized casting. All bind- 
ers were tested first on this job. A sim- 
ilar preheater casting was also made 
weighing 3600 Ib. Using the new 
binder, the largest casting produced 
has been a steel compressor cylinder 
weighing 8000 Ib. Castings in the 
neighborhood of 600 to 1000 Ib have 
been made in iron with metal section 
ranging from 1 to 3-in. thickness. 
This article contains highlights abstracted from 


a paper presented at the 1959 Penn State 
Foundry Conference. 
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Pressure Cast 


WHY NOT SAMPLE TEST THEM ? 
THE SCIENTIFIC CAST PRODUCTS CORP. 


2520 W 


1390 E. 40th, Cleveland 


*Mf'd under license from General Foundry Services Corp, 
Circle No. 176, Page 9 
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HOLDS LIKE 
A VISE TO 
PREVENT 
MOLD 
SHIFT” 
FROM 
CONVEYOR 
LINE 
JOLTS OR 
ROUGH 
HANDLING 


Lak Chicago 





WHY POUR YOUR PROFITS AWAY? 


save up to 50% on chaplets 


Buffalo 
meee Rey’ Bf 
CHAPLETS 


Now you can save up to 50% on 
chaplet costs with Buffalo Patented 
Angle Stem and Double Angle Chaplets. 
They burn in more easily, without 
chilling. They are thoroughly coated to 
assure instant fusion with molten metal. 
And the unusual strength of the 
one-piece design permits fabrication in 
thinner gauges. All these features 

mean savings to you. 

Furnished in a complete line of sizes 
and gauges, Buffalo Economy Chaplets 
are available in tinned steel, Monel, 
stainless steel and copper. Why not give 
them a trial? It costs only pennies to 
find out how many dollars you will save. 

Write for literature on Economy 
Chaplets. For information on 
the complete “Buffalo” line, request 
Catalog No. 20. 
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BEFORE... 


ELIMINATE CUPOLA BLOCK 


Photos courtesy of John Deere Malleable Works, East Moline, IIlinois 


photo of cupola from charging door up . . . 





GWU 


Advantages: 
Cuts lining time 75% 
Reduces refractory costs 43% 


Provides a strong, erosion resistant, joint-free, mono- 
lithic lining for a longer service life 


Eliminates block inventory problems . . . just order 


your lining ‘‘By-the-Bag” 


Lining thickness may be varied to meet charging 
requirements 


Installs 75% faster than block 
Eliminates need for installation scaffolding 


Dries rock hard — ready for use in 24 hours 





WRITE TODAY FOR COMPLETE INFOR- 
MATION ON THIS TIME AND COST 
SAVING METHOD OF LINING CUPOLAS. 
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note anchors in 
position ready to receive lining. Cupola is 53’ 3” high and designed to melt 
200 tons per day. 


AFTER . . . same view after Goose Lake Castables were “‘gunned-on" to a 
thickness of 12” in the charging zone and 2!/." in the upper stack area. Lining 
dried rock hard in 24 hours. 


“CUPOLA LININGS WITH 
GOOSE LAKE CASTABLES 


This new method of lining the charging zone and upper stack 
areas of a cupola provides important savings through lower 
installation costs, lower material costs, plus increased lining 
life. Goose Lake Castables, gunned directly onto the cupola 
shell, provide a joint-free, monolithic lining that is stronger 
and offers greater resistance to erosion than a lining of brick 
or block. Castable linings dry rock hard — ready for use in 24 
hours. When used to patch over old block, repairs are simplified 
and waste eliminated. 

The use of Goose Lake Refractory Castables to line your 
cupolas can save you thousands of dollars in time, labor and 
money each year. 


ILLINOIS CLAY 
PRODUCTS CO. 


Main Office—Barber Building, Joliet, Illinois 
Sales Office—208 South LaSalle Street, Chicago 4, Illinois 


OTHER PRODUCTS FOR FOUNDRY USE...GOOSE LAKE Fire Clay and Fire Brick ... THERM-O-FLAKE Insulation . . . Silica CHEM-BRIX 
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IG REASONS 


' Why modern 
d castings 


BELONGS on your 
“SALES TEAM” 


It serves a need in the industry. . . by sup- 
plying a constant flow of reliable technical / 
practical material . . . the latest techniques 
... the newest methods. 


Its ABC-audited circulation reaches every 
foundry in the United States and Canada, 
plus leading international foundries. The 
value of this horizontal coverage is ampli- 
fied by strong vertical penetration so that 
MODERN CASTINGS reaches every level 
of buying influence for foundry equipment 
... Supplies . . . services. 


It provides manufacturers and suppliers 
with a background of integrity and industry- 
wide prestige. As the Official Publication 
of the 64-year-old American Foundrymen’s 
Society, MODERN CASTINGS is the ideal 
vehicle to bring your advertising-sales mes- 
sage to a $6,000,000,000 market. 


AMERICAN FOUNDRYMEN’S SOCIETY 
GOLF AND WOLF ROADS «+ DES PLAINES, ILLINOIS 
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AJAX ELECTROTHERMIC AJAX ENGINEERING 


AJAX MAGNETHERMIC 


abe 


Ajax Magnethermic supplies all types of Induction Melting Furnaces including: core, coreless, lift and 
automatic pouring. Vacuum melting and . om applications are among their many uses. 60 cycle, 
motor generator, mercury arc converters, R. F. generators and the new 180 cycle Multiductor, all products 
of AM, are available as the power source. 


THE NEW NAME WITH THE FAMILIAR RING! 


Induction Melting Furnaces from 8 ozs. to 8 tons capacity, 
one of many product lines of AM, 
pioneer builder of induction heating equipment since 1920. 


GENERAL OFFICES 
P.O. BOX 639 
Youngstown 1, Ohio 


TRENTON DIVISION 


induction heating 
/s our only busmess” TAA efateitatciaaaite San te vw dontar 


YOUNGSTOWN DIVISION 
foe) -1-@) -F7-48le) 3990 Simon Road 


Youngstown 1, Ohio 
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Castings Congress Technical Papers 


Continued from page 40 


with different peak levels?” The an- 
swers will be found in Density—Sand 
Grain Distribution Effect on Physical 
Properties by T. W. Seaton, a report 
by the AFS Sand Division Basic Con- 
cepts Committee combining the re- 
sults of several researchers working 
with various sands. 


In the solidification of aluminum 
casting alloys the matrix is solidified 
by the forming of primary dendrites 
and deposition around the constitu- 
ents. The dendrite shape varies with 
alloy composition and the solidifica- 
tion rate. Other important observa- 
tions by metallographic and microra- 
diographic techniques at various 
states of solidification will be dis- 
cussed in Solidification of Aluminum 
. Casting Alloys by R. E. Spear and 
G. R. Gardner. 


The appearance of the crack pat- 
tern observed in die steels under 
thermal cycling is the result of oxida- 
tion during cyclic strain. However, 
the life of the die—that is, the onset 
of cracking—is dependent only upon 
the magnitude of the plastic compo- 
nent of the thermally induced cyclic 
strain. Six other conclusions of this 
research contained in Corrosion-Fa- 
tigue in Two Hot Work Die Steels 
by D. N. Williams, M. L. Kohn, R. 
M. Evans and R. I. Jaffee give die 
casters an insight into achieving great- 
er die life in their shops. 


Three types of inclusions in two 
magnesium alloys plagued a light met- 
al alloy foundry. Investigation identi- 
fied these inclusions, their causes and 
probable time of reaction. This well- 
illustrated paper, Inclusion Identifica- 
tion of Magnesium Alloy Castings, 
by W. A. Pollard and B. Ligowski, 
will present the problem, methods of 
investigation and conclusions in a 
Light Metals session at the Castings 
Congress. 

The electron microscope creates 
new dimensions for the metallurgy 
of metalcastings. International Nickel 
Co. research with this tool makes it 
possible to announce at the Castings 
Congress that white cast iron may be 
toughened by precipitating epsilon 
carbide in martensite with a 400F 
tempering treatment. Proof will be 
presented in Microstructural Changes 
upon Tempering Nickel Chromium 
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White Iron at 400F by J. R. Mihali- 
sin and R. D. Schelleng. 


Foundrymen have long _ been 
plagued with veining, metal penetra- 
tion and scabbing defects in metal 
castings. A new theory will be ex- 
panded in a Castings Congress paper 
which suggests a simple solution to 
the problem—simply manipulate the 


‘isothermal line of solidification to 


achieve adequate separation between 
the thermal center and mold-metal 
interface. Don’t miss the discussion 
of Parashrinkage Phenomena—Vein- 
ing, Metal Penetration, Scabbing, Hot 
Tearing by D. C. Williams. 


Thermal properties of molding 
sands play an important influence in 
the manner and rate of casting solidi- 
fication as well as the extent of 
certain types of casting defects. 

Foundrymen are becoming thor- 
oughly familiar with directional solid- 
ification, exothermic risers and heat 
flow. Now they are beginning to ask 
“why.” So D. H. Whitmore and Q. F. 
Ingerson attempt to explain one of 
the “whys” of heat flow in a new 
study entitled Apparent Thermal Con- 
ductivity of Molding Sand at Elevated 
Temperatures. 

It was discovered that molding 
sand heat conductivity increases up 
to 1100 F, has a shallow minimum 
between 1100 and 1500 F and then 
rises sharply above 1500 F. The rea- 
sons are fully explained in their pa- 
per scheduled for presentation at the 
Castings Congress. 


Surface defects in  shell-molded 
castings, known as shell mold or gas 
pit defects, consist of nonmetallic in- 
clusions caused by resin dissociation 
resulting in the freeing of oxygen. 
Learn the remedies for this defect 
as well as a summary of other types 
of surface defects as presented in 
Surface Defects on Shell Molding 
Castings by J. A. Behring and R. W. 
Heine to be given at a steel session. 


In a normalized and tempered me- 
dium carbon steel containing 1.5 per 
cent manganese, nickel additions are 
necessary to achieve toughness at 
low temperatures. In normalized and 
tempered nickel manganese cast steel, 


what are the effects of silico-manga- 
nese-aluminum deoxidation compared 
to silicon-manganese deoxidation? Do 
large or small castings exhibit lower 
impact resistance of the same mate- 
rial? The answers are contained in 
Impact Resistance of Nickel-Manga- 
nese Cast Steels by I. B. Elman and 
R. D. Schelleng, a paper to be pre- 
sented at a steel session. 


A practical test on alloy cast rolls 
of three different diameters to ob- 
tain temperature measurements at 
various depths during solidification 
has application, with minor modifica- 
tions, to the pouring of steel ingots, 
and with some revisions, to the cast- 
ing of iron in sand molds. 

J. D. Keller and N. R. Arant in 
Measurement Vs. Calculation of So- 
lidification of Metal In Iron Molds, 
have reduced complicated formulae 
into easy-to-read charts and _ tables. 
Attend this Heat Transfer session and 
learn about the development of a 
simple means for telling exactly when 
the second part of the pour in double 
poured rolls should be started in or- 
der to produce an alloyed shell of 
the depth or thickness desired. 


What is the bonding efficiency of 
the AFS or true clay content in a 
molding sand after daily re-use, re- 
bonding and remulling with conse- 
quent varying levels of partially 
burned clay and certain levels of 
new clay content? 

The authors, after actual field test- 
ing over a wide number of foundries, 
have developed a method for deter- 
mining the bonding power or “effec- 
tive clay content.” This is described 
as the bonding power of the clay 
in a used foundry sand expressed as 
a percentage equivalent to bonding 
power of a given new clay amount. 

State R. W. Heine, E. H. King 
and J. S. Schumacher, “It now ap- 
pears that the above described meth- 
od should go a long way in remov- 
ing the mystery and variables in prac- 
tical shop sand control. If, in addi- 
tion, the information now known 
about the moisture requirements of 
molding sand is applied using a satis- 
factory and consistent fineness and 
distribution of base sands, the bond- 
ing power of the clay can be con- 
trolled within the desired limits. This 
should lead to the production of bet- 
ter quality castings at lower cost.” 

Learn how this system can be ap- 
plied to your foundry. Attend the 
session on Molding Sand Control by 
Green Compressive and _ Shear 
Strengths Testing. 
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Serviced by two main trunk railway systems, 
Ottawa offers fast delivery to all corners 
of the nation. 
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Circle No. 180, Page 9 
March 1960 + 45] 





New Products in Castings Exposition 


Continued from page 41 


head and tail pulleys; heavy-duty, 
anti-friction bearings throughout; cut- 
ting blade type of aerator with sep- 
arate motor drive. 


Pyrometer Instrument Co. 
To Show Calibrating Set 


Keep your optical pyrometer read- 
ings accurate this new way. Pyrome- 
ter Instrument Co., Bergenfield, N. J., 
will demonstrate an optical pyrome- 
ter calibrator capable of simultaneous- 
ly calibrating any two optical pyrom- 
eters regardless of manufacture. A 
wide filament strip type lamp is ad- 
justable by step and vernier rheo- 
stats to any desired temperature from 
1400 F to 4200 F. 


Asarco Reduces Shrinkage 
in Standard Aluminum Alloys 
Aluminum casting alloys have 
shrinkage tendencies substantially re- 
duced and controlled by a special re- 
fining technique developed by Amer- 
ican Smelting & Refining Co., an 
exhibitor at the AFS Foundry Exposi- 
tion. 
The new grade metal is available 
as an alternative to any of the stand- 


ard aluminum sand and permanent 
mold alloys. It substantially reduces 
variable and unpredictable  shrink- 
age commonly encountered in alumi- 
num foundry work and eliminates 
the need for extra gates and risers. 


Vesuvius Crucible Introduces 
Line for Aluminum Foundries 


Crucibles for melting and holding 
aluminum provide cleaner metal by 
eliminating contamination, lower fuel 
charges by faster heating and in- 
crease flexibility since different alloy 
grades may be melted. Vesuvius Cru- 
cible Co., Swissvale, Pa., will exhibit 
the new refractory composition cru- 
cibles in their AFS Exposition booth. 


Penn-Rillton Expands Line 
With Addition of Wood Flour 


Kiln-dried hardwood wood flour, 
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low in ash, moisture and extractable 
matter, cuts casting costs by increas- 
ing flowability and improving shake- 
out. Get further details on this sand 
additive at the Penn-Rillton Co. booth. 


Reverse-Jet Fabric Collector 
Handles Small-Sized Particles 


A reverse-jet fabric dust collector 
recommended for applications where 
extremely fine particles must be col- 
lected in a-dry state for reclaiming 
will be on display at the American 
Air Filter Co. booth. 


The completely re-designed con- 
stant volume unit uses a positive air 
cushion to remove the entrained dust 
in filter fabric. Jet case cleaning air 
supply columns eliminate use of rub- 
ber hose. 


Graphitic Carbon Additive 
Improves Casting Finish 

Graphitic carbon additive in gray 
iron, malleable and certain non-fer- 
rous sands produces close-tolerance 
castings with improved finish. May be 
used with natural-bonded sands as 
well as synthetic sands or in a system 
sand mixture. This blend of a graph- 
itic carbon and a cellulose may be 
used as a replacement for other addi- 
tives . . . will be shown at the Cast- 
ings Exposition by American Colloid 
Co., Skokie, Ill. 


New Royer Sweep Attachments 
Fluffs Stiff Foundry Sands 


Fluffing-up of extremely stiff sands 
upon discharge from mullers is accom- 
plished by new rotary sweep attach- 
ment at discharge end of Royer sand 


separator and blender. Unit will be 
demonstrated at booth manned by 
Royer Foundry & Machine Co. of 
Kingston, Pa. 


Airless Blast Cleaner Needs 
Only Small Amount of Space 


Foundries with limited floor space 
for blast cleaning operations should 
check the Walker Peenimpac Mfg. 
Div., Walker Pump Co. booth at the 
Castings Exposition. Airless, non-cen- 
trifugal blast cleaner in 3 and 7 cu ft 
capacities requires only 11-1/2 and 
16-1/2 sq ft for installation. Re- 
portedly throws twice the abrasive 
twice as hard per horsepower as oth- 
er machines. Abrasive is fed from 
bottom hoppers onto impact blades 
with the desired velocity and volume 
upward through the all-around-open 
work container. 


New System Transports Cast 
iron Chips for Cupola Use 

Now you can melt those inexpen- 
sive machine shop chips and turnings 
in the cupola. New valve delivers 
chips pneumatically in measured shots 
of 7-10 lb into cupola. Chip injector 
will be exhibited at AFS Exposition 
by Whirl-Air-Flow, Minneapolis. 

Patented valve controls the shoot- 
ing action which delivers an accurate 
quantity. High pressure air line, tim- 
er and solenoid valve are integrated 
to supply quick shots of air at regular 
intervals. Easily installed on any size 
cupola. 


All-Aluminum Roof Exhausters 
Eliminate Painting Problems 


Aluminum roof exhausters, featur- 
ing low silhouette of 21 in. maximum 
weighing only 1/3 that of conven- 


tional units will be shown by Iron 
Lung Ventilator Co., Cleveland. Units 
are constructed of all-aluminum ex- 
trusions which eliminate painting. 


High, Low Magnesium Alloys 
for Producing Ductile Iron 


High and low magnesium alloys 
for use in ductile iron production will 
be shown by Union Carbide Metals 
Co., Div. Union Carbide Corp., New 
York. 


Continued on page 154 














Lindberg Melting and Holding Furnaces at Electrolux Corpora- 
tion, Old Greenwich, Conn., are conveniently spotted adjacent 
to die casting machines. Special furnace hoods remove accu- 
mulated gases. 


Lindberg battery at Electrolux. These 80 KW two-chamber 
induction furnaces melt and hold aluminum for die casting 
Electrolux Vacuum Cleaner parts. Note convenient chute to 
return gates and risers to melting chamber with splash shield. 


LINDBERG MELT AND HOLD FURNACES HELP 
DIE CASTING EFFICIENCY AT ELECTROLUX 


Recently, Electrolux Corporation, Old Greenwich, 
Conn., decided to die cast parts for the famous 
Electrolux Vacuum Cleaner in their own plant. To 
insure greatest efficiency and to provide the most 
ideal layout and working conditions Lindberg 
Two-Chamber Induction Melting and Holding 
Furnaces were selected to supply aluminum for 
the die casting machines. Electrolux has found 
Lindberg equipment to be completely reliable, ideal 
casting temperatures are easily maintained and the 
absence of noise and burner heat assures comfort- 
able clean working areas. Operation has proved so 
satisfactory that two additional Lindberg furnaces 
have been purchased and are now being installed. 
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Wherever or however aluminum needs heat there 
is Lindberg equipment to apply it most economi- 
cally and efficiently. Furnaces for melting and hold- 
ing, casting stations, remelting or heat treating are 
available in all capacities, electric or fuel fired. See 
your Lindberg Field Representative (consult your 
classified phone directory) or write us direct. 
Lindberg-Fisher Division, Lindberg Engineering 
Company, 2440 West Hubbard Street, Chicago 12, 
Illinois. Los Angeles Plant: 11937 S. Regentview 
Ave., Downey, Calif. In Canada: Birlefco-Lindberg, 
Ltd., Toronto. Also factories in: Argentina, Austra- 
lia, England, France, Germany, Italy, Japan, Scot- 
land, South Africa, Spain and Switzerland. 
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“EM” magnesium-ferrosilicon (10 
per cent magnesium) can be used 
under almost all shop conditions. 
“EM” alloy 55(30 per cent magnesi- 
um) permits use of less material, thus 
reducing temperature loss and the 
size of the plunger required. Both 
may be added by the plunging tech- 
nique using a simple bell and cover 
assembly. Alloys counteract undesire- 
able tramp elements such as lead, 
antimony, bismuth, arsenic and sele- 
nium which hinder the formation of 
spheroidal graphite. 


Ceramic Magnet Pulleys 
Speed Tramp Iron Removal 


Use of permanent ceramic magnet 
pulleys for removing tramp iron in 
foundry shakeout and other operations 
eliminates coils, rectifiers, switches 
and maintenance time. New pulleys to 
be shown by Stearns Magnetic Prod- 


ucts, Milwaukee, have magnetic poles 
extending around circumference of 
pulley so that tramp iron can be held 
for its entire length, giving greater 
removal at higher belt speeds. Exam- 
ine this product at the AFS Exposition 
in Philadelphia. 


Cherry Wood Flasks Feature 
New Operating Mechanisms 


Cherry wood flasks, with newly 
designed operating mechanisms of- 
fer single point adjustment for easy 
operation by molders. Will be dem- 
onstrated by The Adams Co., Du- 
buque, Iowa. 

Adjustments are made only when 
the mechanism is in the locked posi- 
tion. Inserts located in the main body 
castings permit reversal of locking 
position. Standard taper is five de- 
grees, others available at no extra 
charge. Also custom built in any 
length or width, round or special 
shapes. 
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Heavy-Duty Vibrator will be 
Shown by Martin Engineering 


A high-amplitude vibration induc- 
er for moving sand, additives, coke, 
etc., from railroad cars, hoppers or 
chutes is precisely controlled at any 
vibration frequency from a few cy- 
cles to more than 60 cycles per second. 

The portable, pneumatically-driv- 


en vibrator, starts and operates with 
a minimum of air and can be mount- 
ed at any angle and in any position. 

See this new light-weight, low- 
maintenance model at the booth of 
Martin Engineering Co., Neponset, 
Ill. 


Arcair to Demonstrate Torch 
for Speedy Removal of Risers 


Speedy removal of risers and pads 
on castings as well as heavy mainten- 
ance work is possible with Arcair 
process which uses an electric arc to 
melt metal and a simultaneous jet of 


compressed air to remove the molten 
metal. 

The only auxiliary requirements are 
a welding machine and a compressed 
air source. See continuous demon- 
strations by Arcair Co., Lancaster, 
Ohio, at the AFS Castings Exposition. 


Air-Drying Ramming Mix has 
Wide Foundry Applications 

New ramming mix (90% alumina), 
air-setting, has excellent resistance to 
abrasion and spalling. Will be shown 


in Philadelphia by Ramtite Div., S. 
Obermayer Co., Chicago. 

Many foundry applications include 
slag holes and breast block in cupo- 
la; tea-pot ladle sleeves; bridge wall 
of air furnaces; patching malleable 
furnace bungs and side walls; elec- 
tric furnace roofs; ladles where re- 
fractory is failing due to abrasion; 
lining ladles; for non-ferrous melting 
equipment; and for hearths of an- 
nealing furnaces. 


Davey Compressors to Supply 
Air for Castings Exposition 


Two 100-hp industrial rotary air 
compressors by Davey Compressor, 
Kent, Ohio, will be supplying air to 
exhibitors at the Foundry Exposition. 
New units are said to use no more oil 
than reciprocating machines and have 
& . 

50 per cent less working parts than 


others of the same capacity. The 
largest machine, 125 hp, requires only 
15 sq ft of floor space. Because of 
operating quietness and freedom from 
vibration, units can be anchored to 
any floor. Special blades are said to 
have substantially greater wear re- 
sistance than conventional types 


Rubber-Like Casting Material 
Used in Blow Box Applications 
Rubber-like casting material Epo- 
cast-11-B, which has found accept- 
ance in blow box applications, will be 
exhibited by Furane Plastics, Inc., Los 
Angeles. Material is dimensionally 
stable and outwears aluminum and 
other metals under an abrasive blast. 


Orefraction to Exhibit 
Uses of Calcined Zircon 


Castings in all metals and refractory 
shapes made with the use of Orefrac- 
tion zircons will be exhibited at the 
Castings Exposition by Orefraction 
Minerals, Inc., Andrews, S.C. 

The zircon is calcined to remove 
all organic oils and coatings that in- 
terfere with bonding agents, core oils, 
resins and core setting binders. Its ex- 
tremely high thermal conductivity 
makes it useful in controlling direc- 
tional solidification and _ controlling 
shrink in heavy metal sections. Round- 
ed grain, refractory value over 4000 
F gives a superior casting surface. 
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Tenzaloy frame supporting front of 
heavy truck engine, is one of several 


truck engine parts now cast of Tenzaloy 


High yield strength at low cost: 


for high strength without weight 


TENZALOY 
THE SELF-AGING ALUMINUM ALLOY 


if your aluminum castings are too large or too intricate for heat 
treatment, if your heat treating facilities are limited, if you need 
high strength without costly heat-treating, specify ‘‘Tenzaloy’’— 
developed by Federated to meet the need for a superior aluminum 
alloy that ages at room temperature. Tenzaloy eliminates rejects 
due to warpage, expansion, and internal stresses caused by 
quenching. Tenzaloy finished properties are stable, proved by con- 
clusive test data over a ten year period. No special foundry tech- 
niques are required. No fluxes. Castability is excellent with sand, 
plaster molds and many permanent molds. Tenzaloy will not 
“‘grow,”’ produces corrosion-resistant castings with excellent pol- 
ishing characteristics and anodizes clear white. Write for TENZALOY 
Bulletin No. 103 to: Federated Metals Division, American Smelting 
and Refining Company, 120 Broadway, New York 5, N. Y. or call 
your nearest Federated sales office. 
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ATED METALS DIVISION 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 


BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF. 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA. 
Locust 7-5129 
PITTSBURGH 24, PENNA. 
Museum 2-2410 
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PORTLAND 9, OREGON 
Capitol 7-1404 

ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 

SAN FRANCISCO 24, CALIF. 
Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGQ), 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 





by E. R. SaunDERS 


Union Carbide Metals Co. 


Div. of Union Carbide Corp. 


Cleveland 


Ferro-Alloys - Production, 
Uses and Trends 


You as steel foundrymen current- 

ly use about 75 lb of alloys per 
ton of shipped castings. The ferro- 
alloy industry today provides these 
alloys in the form of more than 100 
types of products containing 15 key 
elements. The ferro-alloy industry in- 
variably starts with ores containing 
desired elements as metallic oxides. 
Our job is to reduce these oxides to 
the corresponding metallic elements 
and to separate high purity metals 
and alloys from the residual gangue 
and reaction side products. This oper- 
ation, which is analogous to the blast 
furnace reduction of iron ore, is 
termed “smelting.” 


by Cuarzes E. Coulter 
Archer-Daniels-Midland Co. 


Cleveland 


SUBMERGED ARC FURNACES: 
The ferro-alloy industry utilizes many 
widely different types of equipment. 
The one unit, however, which has 
been our primary tool during past 
years and remains the principal pro- 
ducer today is the submerged arc 
furnace. These furnaces consist of re- 
fractory-lined steel shells up to 25 ft 
in diameter and 10 ft deep in which 
electrical energy is supplied through 
single or multiple electrodes to pro- 
duce the high temperatures required 
for reaction. 

The electrodes are buried deep in 
the bed of charge material. Charge 
consists of three types of materials: 


Which Core Process in 
the Non-Ferrous Foundry? 


To get the operating non-ferrous 

foundryman’s viewpoint on “which 
core process”, let’s visit three Cleve- 
land foundries and see what they 
have to say. 

= First stop is Standard Brass 
Foundry Co. Here, cores are pro- 
duced by two methods, oil-sand and 
phenolic-resin (shell cores). The fol- 
lowing general comments were of- 


by Marx R. Rosumny 
Picker X-Ray Corp. 
Cleveland 


fered by their president, Mr. Marvin 
Wolf: 

1) If he could possibly handle it, 
he would make all of his cores 
with coated sand using the shell- 
core process. 

2) Once a shell-core job is set up, 
all that is required is an opera- 
tor capable of pushing a button. 

3) Coating sand is a problem, since: 


Isotope Radiography 
of Steel Castings 


There are now over four hundred 
users of isotopes for industrial radi- 
ography in the United States. That 
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there has never been a serious case of 
injury with such use attests to the ef- 
ficiency of the AEC safety program. 


AFS Regiona 


ores, reducing agents and fluxes. The 
reaction zone, where molten slag and 
metal coexist, is near the base of the 
electrodes where the power is re- 
leased as an arc discharge. This high 
temperature zone is separated from 
the furnace lining and from the 
charge at the surface by unfused 
materials. The energy is released as 
a combined resistance and arc with 
a power factor intermediate between 
pure resistance furnaces and your 
open arc melting furnaces. A major 
part of the energy satisfies the de- 
mands of chemical reactions taking 
place. So submerged arc furnaces are 
characterized by heavy power inputs 
involving high amperages (50 to 
60,000 for an 8000 kilowatt furnace) 
at relatively low voltages (typical 
range 100 to 140 volts). 

To produce a ton of ferro- alloy, 
the power requirement is in the range 
of 2000 to 10,000 kilowatt hours as 
compared to the approximately 600 
kilowatt hours used per ton of steel. 
Since the principal materials fed to 
the submerged arc furnaces are ores 
which contain much gangue, slag vol- 


a) Purchase price of coated 
sand is quite high, 

b) Freight is exorbitant for 
such a bulky product, 

c) In-plant investment for coat- 
ing one’s own sand is a sub- 
stantial item. 

4) Unfortunately, some jobs must 
be produced in regular oil sand. 
These jobs require coremaking 
skill which is hard to obtain. 
Superior finish and appearance 
gained from shell cores and care- 
fully made oil-sand cores per- 
mit him to attract and hold cast- 
ing jobs which otherwise would 
go elsewhere. 

® Arrow Aluminum Castings Co. 

produces about the widest variety of 
cores seen lately in any aluminum 
foundry. They include shell cores, 


Although some two hundred radio- 
active isotopes have been investigated 
for radiographic use, only two, Cobalt 
60 and Iridium 192 have met the re- 
quirements of safety, reasonable half 
life, output and energy of radiation. 

Essentially there is little difference 
between isotope radiography and x- 
ray radiography. Isotopes, when used 
on material which is suited for their 
energy, can produce radiographs equal 
to that produced by x-rays. In addi- 
tion, the economy, portability and 
ease of operation, such as no power 
lines or tubes to blow, may be the 
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umes are usually larger than those in 
steelmaking. It is not unusual to have 
two pounds of slag for each pound of 
metal produced. The rate of flow of 
material through the furnace varies 
widely but usually is in the order of 
one to five hours. Since the furnace 
builds its own crucible, relining is sel- 
dom necessary. 


PRODUCTION OF 50 PER CENT 
FERROSILICON: To produce 50 per 
cent ferrosilicon, the furnace is fed 
quartzite as the source of silicon, mill- 
scale or selected scrap as iron source, 
and coke or coal with wood chips 
as the reducing agents. The mix must 
have the proper size distribution in 
order to allow the passage of gases 
from the volatiles in the charge as 
well as the large volume of carbon 
monoxide formed as a product of the 
reduction. 

The furnace mix is fed from stor- 
age bins through a chute and spout 
to the top of furnace where the oper- 
ator spreads the charge and stokes 
the bed as required to maintain a 
smooth, open operation. Care is taken 


conventional urea-resin, COz2 and oil- 
sand. Mr. Fujimoto, foundry superin- 
tendent, explained that they need 
many core processes in order to com- 
pete on many types of casting jobs. 
Here is how they use them: 

1) On short-run jobs with large 
cores, CO2 is used wherever 
possible. 

2) On permanent-mold work where 
finish and tolerances are critical, 
shell, conventional urea or CO2 
cores are used depending up- 
on the casting design and the 
demands of the customer. 

3) On a totally enclosed core 
where only a small opening is 
permitted to drain the sand, 
best results have been with a 
solid-baked urea core. 

® The influence of missiles and su- 

personic aircraft is quite evident at 


primary essentials where x-ray cannot 
compete. 

The following table attempts to 
show what sensitivity Iridium 192 and 
Cobalt 60 are capable of producing 
with just ordinary techniques. Cesium 
137 will be about halfway between 
Iridium 192 and Cobalt 60. 

The thickness of steel shown is the 
minimum thickness necessary to pro- 
duce the sensitivity required to meet 
the code shown. Greater thicknesses 
will be much easier and will not 
require the fine grain film. Density of 
the film is a function of the contrast. 


to insure that there is the correct 
balance between carbon and oxygen 
(as silica) in every batch of materials. 
An excess of carbon results in silicon 
carbide formation with a gradual clos- 
ing in of the furnace crucible. Insuffi- 
cient carbon means that a viscous 
slag condition will develop in the fur- 
nace causing a wild top operation 
due to erratic gas release, difficulty in 
tapping and low yield. 

After using a standard amount of 
power for a given mix feed rate, the 
ferrosilicon furnace is tapped. A tap- 
ping bar removes a carbon plug from 
the taphole, thus permitting the slag 
and metal to flow into a receiving 
ladle. The alloy is lip-poured into 
cast iron chills designed to give maxi- 
mum toughness consistent with mini- 
mum segregation. After cooling, the 
alloy is processed through cleaning 
and sizing operations and finally made 
into shipping lots blended on the ba- 
sis of controlled analyses to give max- 
imum uniformity. 


FERROCHROMIUM PRODUC- 
TION: Low carbon (0.010% C) ferro- 


Wellman Bronze & Aluminum Co., 
one of the leading magnesium found- 
ries. We interviewed Robert Spacek, 
plant manager. The Wellman foundry 
relies on oil-sand, baked urea and CO, 
cores. 

Considerable work was undertaken 
to find the right inhibitors to achieve 
the desired results without adversely 
affecting the strength of the core. 
They use various methods of core- 
making to be able to produce sound 
castings at a profit and in some cases 
to be able to produce the casting in 
the first place. 

In the production of aircraft wheels 
and brake assemblies, they found a 
baked urea core to be far superior 
due primarily to the good dimension- 
al accuracy obtained at low cost. 
These are heavy cores and the spe- 
cial urea mix gives them the greatest 





SENSITIVITY VS. STEEL PENETRATION 


Iridium 182 
Steel 


Cobalt 60 
Steel 
Thickness, In. Thickness, In. 


Code 


ASME Gamma Ray 0.5* 0.25* 
ASME X-Ray 0.75* 0.37* 
AAF 1.0 0.5* 
Mil Std. 271, 4T 1.0 0.5* 
Mil. Std. 271, 2T 1.0 0.75* 
Mil. Std. 271, 1T 2.0 1.5* 


Medium grain film is used except where ®, when 
fine grain film is necessary. 





chromium is made by briquetting 
finely ground high carbon ferrochrome 
and an oxygen source such as silica. 
Briquettes are charged into huge cyl- 
indrical vacuum furnaces for process- 
ing. After sealing the furnace and 
pumping down to less than one mm 
pressure, the charge is heated accord- 
ing to a closely cgntrolled time-temp- 
erature schedule. Tremendous vol- 
umes of carbon monoxide gas are 
generated by the reaction and re- 
moved through the pumping system. 
At the end of the reaction cycle an 
inert gas is circulated through the fur- 
nace system to coll the charge rapidly 
before discharging from the furnace. 

Growth of ladle addition practices 
for alloying initiated an entirely new 
line of exothermic products which 
have chemical heat built in so as to 
offset their chill effect. More recent- 
ly, packaged alloys have been devel- 
oped to help you obtain higher and 
more consistent recoveries in ladle 
additions. 


This article contains highlights abstracted from 
a paper presented at the 1959 Penn State 
Regional Foundry Conference. 


freedom from sag of any of the meth- 
ods attempted. 

They are taking a close look at pos- 
sible conversion to shell cores and 
still use oil-sand on certain jobs where 
there are definite limitations on the 
amount of money to be spent in rig- 
ging the job. 


® Summarizing, then, what can mul- 
tiple core process do for you in the 
modern non-ferrous foundry? 
1) Can they broaden your indi- 
vidual customer purchases? 
2) Can they lengthen your custom- 
er list? 
3) Can they possibly increase your 
margin of profit on a given sales 
volume? 


This article contains highlights abstracted from 
a paper presented at the 1959 Penn State 
Regional Foundry Conference. 


A density of at least 2.0 to 2.5 is 
necessary to attain the sensitivities 
shown. 

The above sensitivities are of the 
type that can be producd in routine 
work. Higher sensitivities can be ob- 
tained but cannot be duplicated 100 
per cent of the time necessary for 
routine work. Iridium 192 is slightly 
more penetrating than a million volt 
machine while Cobalt 60 equals 2 
million volts. 


This article contains highlights abstracted from 
@ paper presented at the 1959 Penn State 
Foundry Conference. 
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pouring off 
the heat 


you guessed it 


® I imagine many are wondering when 
MODERN CASTINGS will again be 
mailed in the usual gray envelope. It 
will be nice to receive a copy that is 
not all dog-eared and beaten up by the 
mails. Were the former gray mailing 
envelopes an expensive item? 

Since the new format is so very at- 
tractive, it is a pity that the magazine 
doesn’t arrive in good condition. 
Anonymous 
You guessed it. Mailing in envelopes is 
an expensive item. . .not only do you 
have to buy the envelopes but the mag- 
azines have to be stuffed into them by 
hand. We would rather invest those 
dollars inside the magazine than outside. 
Have you noticed that practically all the 
magazines you receive in the mail now 
come unwrapped?—Editor 


problem solved 


® We would like you to know that the 
information sent us regarding our air 
pollution problem was of definite assis- 
tance in dealing with the City Adminis- 
trators and arriving at a mutually agree- 
able solution to our problem. 

We wish to thank the American Foun- 
drymen’s Society again and will let you 
know if we require any other informa- 
tion. 

W. P. Sullivan 
Warden King Limited 
Montreal, Que. 


® We want to congratulate you on the 
January issue of MODERN CASTINGS, 
This is one of the most comprehensive 
issues we have ever seen. It is concise 
and full of technical data which seems 
to cover every subject of foundry prac- 
tice. 

Clyde A. Sanders 

Vice-President 

American Colloid Co. 

Skokie, Ill. 


comments solicited 


@ In calculating riser, dimensions we use 
only the geometrical surface area. The 
actual area available for heat dissipation 
can be significantly different due to the 
roughness of the casting skin. For ex- 
ample, Bowden and Rideal found the 
following values for unit geometrical area 
of nickel sheet treated in different ways: 

Rolled 

Rolled and annealed 

Sand papered ; 

Activated by oxidation and re- 

duction .. 46 


modern castings 


158 ° 


Measurement of the roughness of the 
resultant casting surface and its corre- 
lation with riser dimensions and casting 
soundness may indicate whether this 
factor has any significance. It may well 
be that with the order of roughness that 
is normally found in sand castings the 
ratio of actual area to geometrical area 
does not alter to any significant extent. 

I would like to hear your readers’ com- 
ments. 

S. RAMAMURTHY 

Asst. Prof. Foundry Eng. 
Indian Institute of Science 
Bangalore, India 


nice tribute 


@ May I express my appreciation to you 
for the copy of the “Foundry Noise 
Manual.” 

Characteristic of the American Found- 
rymen’s Society, an outstanding piece 
of work has been done in the prepara- 
tion of this manual. The more theoreti- 
cal considerations have been kept to a 
minimum but have been exceedingly 
well presented. The material on engi- 
neering control is a real demonstration 
that a number of foundry operations 
felt to be intrinsically noise-producing 
can be conducted with far less produc- 
tion of high noise levels. 

The glossary of terms is well added. 
Our students in industrial hygiene may 
be called upon to give the definitions 
of any one of these words which you 
have included. 

We expect a number of our students 
will be purchasing the book. 

Warren A. Coox 
University of Michigan 
Ann Arbor, Mich. 


® It was indeed gratifying to read the 
nice “letters to the editor” in MODERN 
CASTINGS commenting on my recent 
article “Work Smarter - Not Harder.” 

I was especially pleased at the inter- 
est in work simplification as an organ- 
ized approach to a very prevalent prob- 
lem in American industry — an improved 
world-wide competitive position. As 
James F. Lincoln once said, “Great as 
American industry is, it leaves largely 
untapped its greatest resource, the pro- 
ductive power, initiative and intelligence 
latent in every person.” Work simplifi- 
cation is an excellent program for capital- 
izing on this latent resource. 

I would be interested in exchanging 
ideas with other foundries with similar 
programs. 

Jack R. Irish 

Work Simplification Engineer 
Texas Foundries, Inc. 

Lufkin, Texas 


help wanted? 


® A French foundryman wants his son 
to spend a year working in United 
States foundries. The son, Michel Le- 
beau, is 24 years old and has completed 
studies at the Central School of Arts & 
Manufacturing, one of the best engineer- 
ing schools in France. 


He would like to work in the melting 
department of a green sand foundry and 
in a mechanized shell molding foundry. 
Available for employment this summer, 
Michel cannot come to the United 
States unless he has a firm promise of 
a position with an American foundry. 

Anyone interested in helping this 
young man realize his ambition, please 
contact me directly or through the 
American Foundrymen’s Society. 

G. Blanc 

Centre Technique Des Industries De La 
Fonderie 

12, Ave. Raphael 

Paris, France 


@ Many thanks for the copy of the 
1959-61 AFS Buyers Dmecrory and 
congratulations to you and staff, par- 
ticularly Curt Fuller, for an outstand- 
ing job on behalf of the castings indus- 
try. The Dmectory looks good and 
serves its purpose well. I’ve had sev- 
eral occasions to use it in the few days 
it has been in the office. 

The Dmecrory appears to be as com- 
plete as it can possibly be and the ex- 
tensive cross-indexing assures a found- 
ryman of finding product, trade name, 
manufacturer and distributor in a few 
moments. 

On behalf of N.F.F.S., I want to thank 
you for making space available in the 
National Castings Council section to out- 
line Society activities. Haven’t had any 
reaction from members or indication of 
interest on the part of non-members 
at this early date, but I’m confident 
the reaction will be good. 

We'll have an item on the Dimectory 
in the next issue of THe CRrucrBLe. 
Herbert F. Scobie 
Executive Secretary 
Non-Ferrous Founders’ Society 
Evanston, Ill. 


product report... 


Dielectric core oven cuts costs in core 
baking operations at Dick Brothers, Inc., 
Reading, Pa., manufacturers of plumbers’ 
brass goods. System reduces baking time 
from hours to minutes, eliminates cooling 
time and racks with cores going directly 
to oven. Use of synthetic resin binders 
cuts mulling time in half and oven pre- 
heating is not required. Oven using two 
Allis-Chalmers 25-kw dielectric heaters 
has nominal production capacity of 2500 
Ib per hr of sand cores. 
For More Information, Circle No. 226, Page 9 


Infeed end of core oven with typical load 
of cores. Heights range from 2 to 3 in. 
and weights up to 12 |b. 





for manufacturers’ 


for 





Shell investment . mold furnace de- 
sigued for high firing shell investment 
molds described on data sheet. Alex- 


os Saunders & Co. 
For Your Copy, Circle Ne. 61, Page $ 


Fluidized bed . . . for refractory grain 
used to build shell molds involves use of 
air pressure to suspend the dry refrac- 
tory stucco material in air for easy cov- 
erage of patterns. Request 
sheet. Alexander Saunders & Co. 

For Your Copy, Circle Ne. 62, Page 8 


Salt bath furnace . . . brochure describes 
and illustrates advantages of exclusive 
graphite “continuing” electrodes in salt 
bath Engineering Co. 
For Your Copy, Circle Ne. 63, Page 9 


Metalcasting technology . . . experts have 
written many books and manuals which 
are available through AFS. A complete, 
classified list is yours when you use the 
circle number below. American Foundry- 
men’s Society. 

For Your Copy, Circle No. 64, Page 8 
Aluminum castings . . . producers can 
learn how to achieve greater accuracy 
in estimating weights of their castings 
with this booklet. Aluminum Foundry 


Div., Aluminum Association. 
For Your Copy, Circle No. 85, Page 9 


chasing information in terms of castabie 
ee eee ae 
ng Eeeress ne 


low. National Inventors Council, U. S. 


Dept. of Commerce. 
For Your Copy, Circle Ne. 67, Page 8 


shop air into intensified h 

sures for yy hydra 

ete. Request bulletin, 

Power Div., Flick-Reedy ‘ 
For Your Copy, Circle No. 68, Page 8 


Optical equipment . talogs 
listed ‘sécording 00’ classification. To 


Build an idea file for improvement and profit. 
Circle numbers on literature request card, page 9, 
publications 


the asking 


Lomb Optical Co. 
For Your Copy, Circle Ne. 78, Page 8 


For Your Copy, Circle Ne. 71, Page 8 
Plastic tooling . . . materials for making 


Corp. 
For Your Copy, Circie We. 72, Page 8 


Laboratory testing . equipment cata- 
log has just been ‘veleased, 316 pp. 
Soiltest, Inc. 

For Your Copy, Circle Ne. 73, Page 8 


g Dept. 
For Your Copy, Circle No. 74, Page $ 


Superalloy . . . description and chemical 
composition discussed in 8-p bulletin. 
Metals Div., Kelsey-Hayes Co. 

For Your Copy, Circle Ne. 75 Page 8 


Thermocouple tubing . . . of magnorite, 
alundum, and zirconia specified in bul- 
letin. Norton Refractories Div., Norton 


For Your Copy, Circle Ne. 76, Page 8 


Wali chart . . . offering recommended 
piping practice. Depicts types of valves 
for various operations. Lunkenheimer Co. 

For Your Copy, Circle Ne. 77, Page $ 


in 56-p catalog. American. Monorail Co. 
For Your Copy, Circle No. 78, Page § 


Copper-base alloys . . . discussed in 
free reprints of talks presented before 
American Society for Testing Materials. 
Brass & Bronz Ingot Institute. 

For Your Copy, Circle Ne. 79, Page 8 


New D.C. motors . . . line in ratings 
2.1 tc bad tk Pcie ah Giete 


tions in folder. Louis Allis Co. 
For Your Copy, Circle No. 80, Page 8 


and electrodes contained in 48-p book- 


let. Includes products of 78 companies. 
Request information and price list. 
American Welding Society. 

For Your Copy, Circle No. 81, Page 8 


Sling chain use . . . care and inspectior 
is subject of 12-p booklet. McKay Co. 
For Yaur Copy, Circle No. 82, Page 8 


applications illustrated in brochure. Wire- 
bound Corp. 
For Your Copy, Circle Ne. 63, Page 9 


presented in brochure. Hoist Manufac- 
turers Assoc., Inc 
For Your Copy, Circle No. 84, Page 8 


Temperature indicating . . . sticks, 
pellets, and liquids for determining tem- 
perature on any surface being heated. 
Markal Co. 

Fer Your Copy, Circle Ne. 85, Page 9 


Templates . . . for drafting completely 
specified and pictured in 14-p brochure. 
Rapidesign, Inc. 


For Your Copy, Circle We. 86, Page 8 


Trucks and trailors . . . for plant opera- 
tions covered in brochure; applications 
shown. Palmer-Shile Co. 

Fer Your Copy, Cincle Ne. 87, Page 8 


Testing laboratory . . . offering inde- 
pendent testing service to induitry 
explains its services in brochure. United 
States Testing Co. 

For Your Copy, Circle Ne. 88, Page 9 


Stock castings . . . shown in booklet 
together with typical machined parts 
made from the stock castings. Mechanite 
Metal Corp. 

For Your Copy, Circle Ne. 88, Page 


Radiography . for industry discussed 
in 16-p bulletin covering materials and 
accessories. Eastman Kodak Co. 

Fer Your Copy, Circle Ne. 98, Page 8 


Core and mold coating . . . for use in 
manufacture of gray iron and nonfer- 
rous castings. Explained in bulletin. 
Thiem Products, Inc. 

For Your Copy, Circle No. $1, Page 8 


Vacuum equipment . . . for maintenance 
and material conveying delineated in 4-p 
brochure. Invincible Vacuum Cleaner 
Mfg. Co. 

For Your Copy, Circle We. $2, Page 9 


Plant facilities . . . of steel castings 
foundry shown in sew Sasi brochure. 
St. Louis Steel 

sale agen a OE 


Air conveying . . . of bulk materials 
is subject of brochure portraying units 
and offering drawings of air conveyor 
systems. Fluidizer Co. 

For Your Copy, Circle Ne. 84, Page 8 


Dust-tight . . . enclosures for a 
screens described in new 
Allis-Chalmers. 

For Your Copy, Circle No. 95 ,Page 8 


Trade credit financing . . . plan to help 
manufacturers carry load of trade credit 
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granted to industrial customers. Request 
For Your Copy, Circle Ne. 98, Page 9 


20-p booklet. Pangborn Corp. 
Fer Your Copy, Circle Ne. 101, Page 8 


brator Corp. 
Fer Your Copy, Circle Ne. 104, Page 8 


Casting guide . . . offers information 
about general applications of nickel-con- 
ans casting alloys. International Nick- 
Co. 
Fer Your Copy, Circle No. 105, Page 9 


Fer Your Copy, Circle Ne. 186, Page 8 


Radiation sources . . . for irradiation 
research, radiography and teletherapy 
explained in new brochure. Nuclear Sys- 
tems Div., Budd Co. 

Fer Your Copy, Circle Ne. 107, Page 8 


Fer Your Copy, Circle Ne. 168, Page § 


CO2 shell coat ” i Be for treating COs 
cores and molds reportedly provides 
surface strength, better collapsibility 
and superior shell molds. Request infor- 
mation sheet. Para Products Div., Found- 
ry Rubber, Inc. 

For Your Copy, Circle Ne. 108, Page 9 


ponents for all standard cores, 
cores, elbows and tubes. For more in- 
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circle number on Literature 


egg Card. Universal Clay Products 


For Your Copy, Circle Ne. 110, Page 9 


featuring effects of rare sol- 
Metals, Inc. 
For Yeur Copy, Circie Ne. 112, Page 9 


Index . . . to Mopenn Castincs 
is now available. American Foundry- 


s Society. 
For Your Copy, Circle Ne. 113, Page 8 


Principles of Plant Layout for Small 
Plants 


For Your Copy, Circle Ne. 128, Page 8 


Thermocouple wire . . . brochure dis- 
cusses use of platinum metals in con- 
struction of thermoelements. Englehard 
Industries, Inc. 

For Your Copy, Circle No. 131, Page 8 


Meehanite castings . . . engineering 
properties available in complete tabular 
summary, 4-p bulletin. Meehanite Metal 


Fer Your Copy, Circle Ne. 132, Page 9 


Push-button . . . electric hoist or pull 
cord control models shown in 8-p bro- 
chure. One-eighth—two-ton models. 
Manning, Maxwell & Moore, Inc. 

Fer Your Copy, Circle No. 133, Page 9 


Safety . . . on the job pointed up with 
amusing cartoons in booklet. National 


Safety Council. 
Fer Your Copy, Circle No. 134, Page 9 


Conveying and elevating . . . chain is 
subject of illustrated 38-p reference 
manual for chain selection. Mo- 


proper 
line Malleable Iron Co. 
For Your Copy, Circle We. 143, Page 8 


New hose catalog . . . includes fittings, 
self-sealing couplings and related prod- 
ucts. Completely illustrated. Aeroquip 


” For Your Copy, Circle Ne. 135, Page 8 


Sensing and testing . . . devices for 
pressure and temperature. Send for gen- 
Continued on page 161 





eral catalog which includes sensing de- 
vices for aviation and industrial instru- 
mentation. Harco Laboratories, Inc. 

Fer Your Copy, Circle No. 136, Page 9 


Foundry sand coating . . . of granulated 
phenol-formaldehyde synthetic resin com- 
pletely specified in technical bulletin. 
Reichhold Chemicals, Inc. 

For Your Copy, Circle Ne. 137, Page 9 


Free reprints 


@ The following reprints of feature arti- 
cles which appeared in Mopern Cast- 
incs are available to you free of charge. 
Use the Literature Request Card. 


Calcium carbide . . . injection process 
discussed as related to foundry appli- 
cations. This is a reprint from AFS 
TRANSACTIONS. American Foundry- 
men’s Society. 

For Your Copy, Circle No. 138, Page 9 


Corrosion resistance . . . is combined with 
high strength in production of this cast- 
ing alloy. Read about it in MODERN 
CASTINGS reprint which is yours for 
the asking. American Foundrymen’s So- 
ciety. 

For Your Copy, Circle No. 139, Page 9 


training films 


@ The following list of motion pictures 
and film strips will prove useful in edu- 
cating your personnel to better perform 
their jobs. Circle the appropriate num- 
ber on the Literature Request Card for 


Die Casting—How Else Would You Make 
It? . . . film shows place of die cast- 
ing in metals fabricating and tremendous 
range of products for which the process 
may be utilized. Sound, color, 35 min, 
16 mm, free loan. Modern Talking Pic- 
ture Service, Inc. 
For Your Copy, Circle No. 140, Page 9 


Science of Making Brass . . . award win- 
ning film shows close-up of every pro- 
cess in the making of brass; includes 
sequence involving casting. Color, sound, 
28 min, 16 mm, free loan. Modern Talk- 
ing Picture Service, Inc. 

For Your Copy, Circle No. 141, Page 9 


The Spiked Candlestick . . . largely por- 
trays history of a Williamsburg repro- 
duction from pattern shop through core 
room, foundry and machine shop. Co- 
lor, sound, 16 mm, 14 min, free loan. 
Virginia Metalcrafters, Inc. 

For Your Copy, Circle No. 142, Page 9 


Heat Treatment of Steel . . . film de- 
scribes conventional method of harden- 
ing and tempering. Black and white, 
sound, 16 mm, 30 min, free loan. Amer- 
ican Society for Metals. 

For Your Copy, Circle No. 143, Page $9 


Story of A-C Welding . . . film based on 
experience in GE plants in addition to 
other manufacturers. Color, 16 mm, two 
parts 10 min each, free loan. General 
Electric Co 

For Your Copy, Circle No. 144, Page 9 





CHOOSE YOUR WEAPON 





for WAR against 
the SCRAP PILE! 


Guessing when to pour, or using 
inaccurate temperature measuring 
instruments, results in misruns, cold- 
shuts or leaving molds on the floor 
unpoured. Equip your foundry with 
dependable Marshall Enclosed-Tip 
Thermocouples for strong, dense, 
uniform castings from every melt! 


MARSHALL +Hermocourtes 


OFFER THESE ADVANTAGES! 


DEEP READING. Takes inte- 
rior temperature deep within melt 
... tip can be immersed 3 inches or 
more in depth! 

FAST RESULTS. Tip can be 
stirred to speed reading, giving true 
temperature in about 20 seconds! 
ACCURACY. Pyrometer always 
indicates steady, accurate reading! 
ECONOMY. Hot junction tip, 
armored with enclosing tube of spe- 
cial alloy, withstands scores of 
immersions before replacement is 
necessary ! 


FLEXIBILITY. Well-balanced 
thermocouple is convenient to carry 
and use, simple to operate! 
TROUBLE-FREE. Has rug- 
gedly designed parts for long-life re- 
liability. Thermocouple wire can’t be 
contaminated from melt or shortcir- 
cuited by slag! 

CHOICE OF TYPES. Fur- 
nace Type (below, right) . . . lengths 
up to 10 feet for use with Stationary 
Pyrometer. Ladle Type (below, left) 
for use with Portable Pyrometer. 


L. H. MARSHALL CO. 


270 WEST LANE AVE., COLUMBUS 2, OHIO 


Circle No. 186, Page 9 


March 1960 * [6] 





ABSTRACTS 
OF TECHNICAL 
PAPERS 


V 


A Study of Hot Tearing in Steel Castings 
by Kurt Beckius, Merton C. Flemings 
and Howard F. Taylor. 

A simple method was developed to 
test the influence of variables on the 
susceptibility of steel castings to hot 
tearing. The method comprises use of a 
test casting which can be molded in a 
standard flask and measures susceptibil- 
ity to hot tearing without use of special 
instrumentation. Variables tested were 
sand strength, steel composition and 
pouring temperature. The test piece can 
be used for research purposes and for 
quality control in foundry operation. 

Particular study was given to the in- 
fluence of design changes on the solidi- 
fication structure and on the appear- 
ances of open and healed tears. Design 
changes included variations in fillet ra- 
dii, length of constraining member and 
use of brackets. 

Results of this investigation (plus find- 
ings of previous investigation) help to 
explain (1) relationships between feed- 
ing, casting design and external hot 
tearing, and (2) the formation of inter- 


162 ° modern castings 


INTERNATIO- 
NAL FOUNDRY 
CONGRESS 


GENERAL 
MEETING 
= 


Abstracts of International 
Foundry Congress Papers 
MODERN CASTINGS presents here the third in a 


series of abstracts of technical papers presented at the 
26th International Foundry Congress in Madrid, Spain 


. More next month. 








Complete copies of these papers have been placed 
in the Library of the American Foundrymen’s So- 
ciety. After reading the abstracts, you may want 
complete copies for your file. Copies of the ori- 
ginal paper, in the language of presentation, are 
available at 20 cents per page. The language and 
length of papers are given at the end of each 
abstract. Address orders to Book Dept., AFS, Golf 
& Wolf Rds., Des Plaines, Il. 








nal hot tears in steel castings. The role 
played by the healing of tears through 
liquid metal influx is emphasized. It is 
concluded that both internal tears and 
open external tears can be eliminated 
by designing to provide adequate feed- 
ing. ... 11 pages in English. 


Behaviour of Molding Materials During 
Shock Heating in Connection with the 
Occurrence of Scabs by H. G. Levelink. 

In the first stage of an investigation 
into the origin and the way of fighting 
of scabs the behaviour of dried clay- 
bonded sands and of oil-bonded sands 
during a rapid heating in a furnace has 
been studied. This investigation has 
shown, that the expansion phenomena 
observed thereby, play an important 
part in the formation of scabs and rat- 
tails. 

The breaking tendency of the peel 
of dried clay-bonded sand decreases 
when during working up the sand a 
higher moisture content is applied; this 
tendency also decreases with the addi- 
tion of a fine-granular material such as 
silica flour. The type of bentonite also 
has a definite influence. 

The oil-content of an oil-bonded sand 
with a layer of blacking is critical. From 
an investigation of the hot strength of 
this sand it became apparent that this 
strength may decrease to about one 
tenth of its original value during an 
increase in temperature from 20 to 400 
C. This big decrease in strength is 
probably the cause of the small resist- 
ance to shockheating of oil-bonded sand 
with a moderate oil-content (i.e. 1 per 
cent) in the presence of a layer of 
blacking. . . . 10 pages in German. 


The Significance of the Size and Quality 
of Coke in the Working of a Cupola by 
Roger Loison, Louis Soubrier and Mau- 
rice Decrop. 

The purpose of this study was to 
determine and confirm by experiment 
the exact requirements of foundries as 
to the quality of coke best suited for 
use in a cupola. Two series of tests 
were carried out in two different cupo- 
las, both of 700 mm. diameter. 


RESULTS 
With coke of constant quality but 

ranging in size between 40/60 mm. 
and 90/120 mm., cast iron tempera- 
tures are highest and hourly output is 
lowest for the largest average sizes; 
these results tally well with observations 
made on temperature ranges in the cu- 
pola and the composition of the flue 
gases. Coke which varies greatly in size 
also gives distinctly less satisfactory re- 
sults than screened coke, even if the 
latter is of smaller average size. 

Most of the intrinsic qualities of coke 
seems to have no effect in their practical 
efficiency; the only correlations observed 
were the following: 

—Thermal efficiency or cast iron temper- 
ature falls as reactivity increases. This 
was observed with reactivity at 1000 
C for the first series of tests and 
1400-1500 C for the second, when it 
became necessary to take account of 
the surface area of the coke at the 
time of use. No relation was found 
between the reactivity of the various 
grades of coke and the composition 
of the flue gases; 

—Thermal efficiency increases with the 
resistance of the coke to fracture. . . . 

11 pages in French. 


Fundamental and Practical Study of Hy- 
drodynamics in Systems by Casting in 
Sand Molds by Michel Jeancolas, George 
Cohen de Lara and Hubert Hanf. 

The Authors now present a review 
of up-to-date notions in hydrodynamics 
a foundryman can use as an aid to 
determining a suitable gating system. 

The theoretical development on these 
subjects has deliberately been kept short 
and the essential data resulting from 
them are presented emphasising their 
physical rather than their mathematical 
aspect. 

The main information obtained from 
this work follows: 

The flows effects observed with molt- 

en alloys in sand mold gating systems 

are very similar to those associated 
with run-off of fluids at room temper- 
ature in models with identical mold 
cavity, thus confirming the value of 





purely hydraulics experimental meth- 
ods. Wherever major differences occur 
which is especially the case where 
small-diameter gating systems are 
used for pouring alloys at a compara- 
tively low temperature—they are prob- 
ably due to the cooling of the alloy 
as it progresses through the feed sys- 
tem. Furthermore, where gating sys- 
tems are subjected to considerable 
stresses during the pouring operations, 
the results may be affected to some 
extent by changes in the dimensions 
of the system caused by the thermal 
shock, or by erosion. 

—The flow distribution in a gating sys- 
tem depends solely upon the ratio 
between the ingate and the cross- 
sectional areas of the entire system. 
Although an initial comparison be- 

tween the results of tests with fluids at 
room temperature and actual molten 
alloys is given in this paper, no exact 
values can be given for the head loss 
coefficients obtained from the initial tests 
with molten alloys cast in sand molds 
until the present series of tests has been 
completed. . . . 24 pages in French. 


Technical Vocabulary and the Interna- 
tional Foundry Dictionary by Pierre 
Huberson. 

The paper directs attention to the 
following points: 

1. The relative number of subjects 
treated and the languages in which 
scientific and technical publications are 
written throughout the world. 

2. Evaluation for each country of the 
number of specialists who are able to 
read foreign languages and the languag- 
es concerned. 

3. Problems of translation and espe- 
cially technical translation. 

4. An example of the solution to the 
problem of translation provided in 
France by the Centre Technique des 
Industries de la Fonderie. It is explained 
in detail how foreign publications are 
read there, digested, filed, translated or 
abstracted and re-published, at first 
amongst the staff of the Centre and 
later among general foundrymen. 

5. Among other activities and particu- 
larly as regards the foundry, a dictionary 
of foundry terms in eight languages is 
in preparation under the aegis of the 
International Committee of Foundry 
Technical Associations. 

... 12 pages in French. 


The Friction Angle in Green Molding 
Sands and Its Relationship to Technolog- 
ical Properties and Hydration of Clays by 
J. Navarro-Alcacer. 

In the present work the term “inter- 
nal friction angle” derived from Mohr’s 
circle theory has been introduced for 
a study on molding sands. 

A short review is given of some pro- 
posed methods for measuring the flowa- 
bility and some theories on the hydration 
process and bonding effect of clays are 
also discussed. 

The way of measuring the angles of 
internal friction for the materials tested 
is next considered and some usual fig- 


ures for these angles, taken from liter- 
ature on the Science of Soils, are given. 

The variation of permeability in terms 
of changing flowability is also studied 
and these results are interpreted on the 
basis of the hydration theory of clays. 
. .. 12 pages in Spanish. 


Influence of Gates in the Cost of the 
Metal of a Molded Casting by Dionisio 
Escorsa Civis. 

This work is meant to study the in- 
fluence of gates, i.e., sprue and riser in 
the cost of metal of a molded casting. 

It is evident, that the cost of metal 
of castings having the same weight will 
be higher in the ones requiring heavier 
gating. It is likewise evident that the 
cost will be identical for those parts 
which need the same gating percentage. 

If we calculate the costs for these 
different percentages, or likewise for the 
ratio between the weights of the parts 
concerned and their gates, and we draw 
therewith a chart, this chart will serve 
to determine directly the cost of the 
metal, with no further calculation, of 
any casting if its weight and the one 
of the gate are known. 

The curve in the chart will enable us to 
to calculate quickly the cost of the met- 
al in a casting which has been repeated 
one or more times. . . . 5 pages in Span- 
ish. 


Oxidation of Niobium by Tor Hurlen. 

By means of semi-continuous gravimet- 
ric and volumetric measurements, the 
rate of reaction of niobium with oxygen 
as a function of time has been deter- 
mined. 

Niobium has been found to react with 
oxygen in a rather complex and unu- 
sual way. But a close correlation seems 
to exist between the oxidation rate 
curves and the oxidation products 
formed. It may here just briefly be men- 
tioned that the oxidation is appreciable 
already at temperatures of 200 to 250 
C. and that the dissolution of oxygen 
into the niobium metal lattice plays an 
essential role during the initial stages of 
the oxidation. . . . 11 pages in English. 


Cupola Refractory Linings by Antonio 
Alonso-Urquijo Balzola. 

In the Vizcaya province of Spain, 
cupolas are lined with what is known 
as “Galdacano stone”, a sandstone which 
due to its composition, low porosity, 
high pyroscopic resistance, and good 
thermal shock behavior, is quite suit- 
able for this sort of lining. 

Both the location of the stone in the 
cupola and the repairs made after melt- 
ing are quite simple. Drying does not 
require the adoption of special precau- 
tionary measures. 

Dilatometric studies of the stone 
show that it is formed of quartz grains 
which, at temperatures of about 1400 C, 
undergo a definite allotropie change to 
less dense crystalline species accompa- 
nied by a strong expansion. 

The refractory stone consumption per 
ton of melted metal in a cupola of 
1100 mm. dia., normally run, is lower 


than 15 kgs. which we think to be 
quite satisfactory if the quality of the re- 
fractory is taken into consideration. . . . 
6 pages in Spanish. 


Classification Test for Defects in Cast 
Steel by Jeronimo Vazquez. 

It is tried to classify and divide the 
defects which take place in steel cast- 
ings, their causes and the way to fore- 
see and prevent them. 

After classifying the defects, accord- 
ing to their causes, a study is carried 
out in each case to find out the best 
remedy and the precautions that should 
be taken to avoid them. 

There are comments about the chief 
methods for calculating runners and ris- 
ers, the action of exothermic compounds 
on risers and the most appropriate mold- 
ing proceedings in each case. . . . 24 
pages in Spanish. 


The Effect of Free and Combined Mag- 
nesium on the Formation of Graphite ir 
Cast Iron by D. Pohl. E. Roos and E. 
Scheil. 

In order to obtain data on the effect 
of magnesium a method was developed 
to distinguish combined magnesium from 
free magnesium. The measurements 
were correlated with measurements of 
surface stress and microscopic investiga- 
tions. 

The influence of the magnesium addi- 
tion on surface stress is based on the 
reduction of the sulphur contents. The 
reduction must, after this, be attributed 
to its own magnesium contents. The for- 
mation of spherulities does not occur 
until free magnesium is present togeth- 
er with combined magnesium. 

Magnesium is necessary for the for- 
mation of nodular graphite, not only 
indirectly due to the liberation of dis- 
turbing elements, but also directly, al- 
though in small amounts only. It does 
not however accumulate with graphite 
but mainly remains in the matrix. .. . 
13 pages in German. 


A Brief Review of the Results of the 
Belgian Research on the Correlation: 
(Massivity-Physical Properties) of Gray 
Cast Iron by Albert De Sy and Jan Van 
Eeghem. 

The Belgian Foundry Research Cen- 
ter has studied this correlation prob- 
lem in collaboration with the Belgian 
foundries and machine manufacturing 
companies on a scale large enough to 
be considered as a national scale. This 
study involves approximately 40 metric 
tons of test bars and castings and thou- 
sands of mechanical tests. The results 
of this research are summarized in this 
paper. 

First of all the authors deal with the 
correlation: tensile strength, Brinell hard- 
ness and massivity, in a statistical study. 

The influence of phosphorous is also 
taken in account. 

The authors study also the correlation 
between massivity and the transverse 
strength characteristics. 


Continued on page 167 
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FOUNDRY METAL!URGIST 
$10,000. to $12,000. 
To start as No. 2 man and in short time 
advance to Chief Metallurgist for company 
that places a high value on engineering 
proficiency. Client will assume al] expenses. 
Contact: Bill Newell 
MONARCH PERSONNEL 

28 East Jackson Bivd., Chicago 4, Illinois 





PATTERN ROOM SUPERVISOR 
To $10,000. 





Terrific future in progressive ferrous 
foundry seeking man with experience in 
metal and wood pattern building, repairing 
and storage. Client pays all expenses. 
Contact Bill Newell, 

MONARCH PERSONNEL 


28 East Jackson Blvd., Chicago 4, Illinois 














FOUNDRY QUALITY CONTROL 


Must be capable of assuming full responsibility of production all of our 
miscellaneous gray iron castings. Job will require full knowledge of cope and 
drag work, match plate, gating and pouring control and core work. 

Person filling this position will report directly to the Plant Manager. 

Send full resumé of past experience and salary requirements to: 

Personnel Director 
MUSKEGON PISTON RING COMPANY 


E. Gardner St., Sparta, Michigan 








METALLURGIST required by progressive and expanding internationally-known 
company manufacturing specialized chemical products for the foundry industry. 
Applicant should preferably be under 35, possess a Metallurgical degree and 
have had several years experience in foundry work. Thorough knowledge of 
casting defects, metallography and photography is essential. The position offers 
prospects of advancement for an able man and a good starting salary will be 
paid. Applicants should submit a resumé of qualifications to: 
FOUNDRY SERVICES, INC. 
P.O. Box 8728 


Cleveland 35, Ohio 





WANTED-SALESMAN 

To sell Foundry equipment and 
supplies in Illinois and Indiana. 
Must have good knowledge Foun- 
dry Equipment. Salary, car and 
expenses. Send resume to Box 
C-102, MODERN CASTINGS, Golf 
& Wolf Roads, Des Plaines, Ill. 











ENGINEER—For design of foundry equip- 
ment. Must be well versed in foundry opera- 
tions. Send complete details on work history, 
age, education, salary requirements, and 
family status. Include recent photograph. 
Degree not required. Practical experience 
preferred. DAVENPORT MACHINE AND 
FOUNDRY CO., 1628 W. 4th St., Davenport, 
Iowa. 





LARGE GRAY IRON FOUNDRY 
IN NEW ENGLAND NEEDS 
FOUNDRY SALESMAN FOR 
NEW JERSEY AND PENNSYL- 
VANIA AREA. MUST HAVE 
SALES AND GRAY IRON FOUN- 
DRY EXPERIENCE. SALARY 
OPEN. Reply Box C-103, MOD- 
ERN CASTINGS, Golf and Wolf 
Roads, Des Plaines, Ill. 











PLANT ENGINEERS 
Experienced on layout of all types 
of foundry equipment, material 
handling and material flows. Send 
complete details on work history, 
education and family status. In- 
clude recent photograph. All re- 
plies confidential. Box F-140, 
MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Iil. 








METALLURGIST 


Graduate metallurgist preferably with some experience in steel foundry 
operations. Exceptional opportunity in a modern, progressive medium- 
sized steel foundry associated with a malleable and ductile foundry 
and machine shop in the Southwest area. A wide range of operations 
in carbon, low alloy, stainless, and wear-resistant steels. Reply with 
complete details, including salary expected, references and recent photo- 
graph. Box B-106, MODERN CASTINGS, Golf and Wolf Roads, Des 


Plaines, Ill. 











PROJECT ENGINEER, preferably | 
with engineering degree and about | 
ten or more years experience in plant | 
engineering. Should have foundry or | 
steel mill background and no aver- | 
sion to part-time drafting design | 
work. Position is one of real chal- | 
lenge, with much potential and will 
pay well. The opportunity is with a 
leading steel foundry in the East. | 
Please furnish resume to Box C-101, 
} 


MODERN CASTINGS 
Golf and Wolf Roads, 
Des Plaines, Ill. 

















GENERAL CLEANING ROOM FOREMAN 


Desire man 30-40 years of age with necessary drive and skill to organize de- 
partment. Must have knowledge of the various cleaning room processes including 
welding, heat treating, arcair and materials handling methods. Reply giving age, 
resume of experience, personal background and salary requirements. All replies 
held in confidence. Reply to: WORKS MANAGER 


MINNEAPOLIS ELECTRIC STEEL CASTINGS COMPANY 
3800 N. E. FIFTH STREET 
MINNEAPOLIS 21, MINNESOTA 





GOOD FOUNDRYMEN 
when you need SUPERVISORY or 
TECHNICAL men why not consult a 
man with actual foundry experience 
plus 15 years in finding and placing 
FOUNDRY PERSONNEL. 

Or if you are a FOUNDRYMAN 
looking for a new position you will 
want the advantages of this experience 
and close contact with employers 
throughout the country. 

For action contact: John Cope 
DRAKE PERSONNEL, INC. 
29 E. Madison St., Chicago 2, Illinois 
Financial 6-87 











LICENSE/ROYALTY ARRANGEMENT 
for U.K. 

Well established U.K. manufacturers of 
Foundry Chemicals (sand binders, fluxes, 
ete.) are interested in extending their 
range and would welcome offers of inter- 
esting products for the foundry industry to 
be manufactured under license/ royalty ar- 
rangement. Box No. C-104, MODERN 
CASTINGS, Golf and Wolf Roads, Des 
Plaines, Ill. 
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EMPLOYMENT 
OPPORTUNITIES 
WORKS MANAGER — Brass 
Fdry. Wire Mill ......... 
GEN. SUPERINTENDENT 
TIN i cctacsessiscnctanetsestncnsesce $15,000. 
FORGING ENGINEE $10,000. 
CHIEF METALLURG IST Fdry. ....$12,000. 
PATTERNMAKERS . : 

Contact: TOM LEDBETTER 
WABASH EMPLOYMENT AGENCY 
202 S. State, Chicago 4, Illinois 
WAbash 2-5020 


$20,000. 


| 
WANTED REPRESENTATION 


| For South Central States—a producer 

| of quality high-alloy steel castings. 
Must be able to produce up to 1500 
pound castings of various high-alloy 
steel. Can give complete coverage of 
this area. Reply to Box C-105, MOD- 
ERN CASTINGS, Golf and Wolf 
Roads, Des Plaines, Ill. 








PLANT SUPERINTENDENT 
To produce quality ferrous and non- 
ferrous castings and machine them to 
customers’ specifications. Will super- 
vise: 

e Foundry superintendent—100 
employees 
e Machine shop superintendent— 
100 employees 
e Maintenance superintendent—35 
employees 
e Production control, purchasing 
and stores personnel and labor 
relations. 
Age—35 to 45. Location—Middle West 
Send resume and salary requirements 
to: 
Box C-107, MODERN CASTINGS 
Golf and Wolf Roads, Des Plaines, Il. 











FOUNDRY SUPERVISOR 
Progressive Central Ohio Foundry has 
an opening for an experienced super- 
| visor. Must be a journeyman and have 
| had sand mixing, heavy dry sand 
| molding and ferrous foundry experi- 

ence. Excellent employee benefits and 

opportunities. Furnish resumé stating 

education, experience, and qualifica- 
tions. Salary open. Box C-108, MOD- 

ERN CASTINGS, Golf and Wolf 
| Roads, Des Plaines, Ill. 


ome 


| 








CHIEF ENGINEER 


Excellent opportunity with a grow- 
ing company. Applicant must have 
a minimum of ten (10) years iron 
foundry background in engineering 
in all phases of foundry operations. 
Ability to supervise and assume 
substantial responsibilities essential. 
Please reply giving complete re- 
sumé of experience, education and 
salary requirements. 

TYLER PIPE and FOUNDRY CO. 

P.O. Box 2027, Tyler, Texas 


FOUNDRY EXECUTIVE with many years ex- 
perience from bottom to top in the business, 
plans to semi-retire April first and establish a 
sales office in Chicago. I wish to represent 
one gray iron and one non-ferrous foundry 
located within over-night (by truck) into the 
city. Please state number of molders and 
tonnage you can handle. Bex C-100, MODERN 
CASTINGS, Golf and Wolf Roads, Des 
Plaines, Ill. 





POSITION WANTED—Coreroom  superin- 
tendent—General coreroom foreman: Nineteen 
years experience—gray iron foundry. Age 41, 
married and have family. Jobbing or produc- 
tion, bench or floor work. Qualified to take 
complete charge of all core room operations. 
Willing to relocate. Box J-3, MODERN CAST- 
INGS, Golf and Wolf Roads, Des Plaines, Ill. 





METALLURGIST with 11 years experience in 
all phases of gray iron metallurgy wishes to 
relocate. Presently holding position as plant 
metallurgist with leading manufacturer. Con- 
sider sales or operations. Bex B-105, MODERN 
CASTINGS, Golf and Wolf Roads, Des Plaines, 
ill. 








FOUNDRY ENGINEER—Presently employed 
by large foundry equipment manufacturer as 
supervisor of foundry equipment division with 
present duties of sales engineer, service engi- 
neer, equipment design engineer, estimating, 
etc. Age 31, married, 3 children, no degree, 9 
years practical experience. Proven record with 
top references. Familiar with all phases of 
foundry operations, COz, shell molding, pat- 
tern design, and experimental development. 
Box C-106, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Ill. 


FOUNDRY EXECUTIVE desires a manage 
ment position in steel foundry. Forty-six years 
old. College degree. Twenty-three years in 
foundries. Experience in all phases of foundry 
supervision as well as production control and 
labor relations. Capable administrator at top 
management level. Bex C-109, MODERN CAST- 
INGS, Golf and Wolf Roads, Des Plaines, Ill. 








METALLURGIST—-B. Sc. with broad experi- 
ence in all ferrous metals desires technical or 
management opportunity. Box C-110, MOD- 
ERN CASTINGS, Golf and Wolf Roads, Des 
Plaines, Ill. 








FOUNDRY DESIGN ENGINEER 
Opportunity for engineer qualified in 
foundry equipment design. Growing 
company with opportunity for ad- 
vancement. Please reply giving com- 
plete resumé of experience, education 
and salary requirements. 

TYLER PIPE and FOUNDRY CO. 

P.O. Box 2027, Tyler Texas 











FOUNDRYMEN—-with twenty-five years ex- 
perience wishes to represent foundries, foundry 
suppliers or allied products in Indiana and 
Ohio. Please write Box C-1l11, MODERN 
CASTINGS, Golf and Wolf Roads, Des 
Plaines, Ill. 





TECHNICAL FOUNDRYMAN—Wide metal- 
lurgical and foundry experience—ferrous and 
non-ferrous. 20 years experience in executive 
capacity. Background also in shell, CO2 and 
precision molding processes. Can handle sales, 
research or production. Willing to relocate. 
Presently employed. Bex C-112, MODERN 
CASTINGS, Golf and Wolf Roads, Des 
Plaines, Ill. 








EARL E. WOODLIFF 
Foundry Sand Engineer 
Consulting . . . Testing 
14611 Fenkell (5-Mile Rd.) 
Detroit 27, Michigan 
Res. Phone VErmont 5-8724 




















FOUNDRY CONSULTANT —NON-FERROUS 

Sand Casting — permanent mold casting — 

centrifugal casting — in aluminum — brasses 

— bronzes — 30% leaded bronze — aircraft 

quality bearings and castings — 

ED JENKINS, 286 PENOBSCOT BLDG. 
DETROIT, MICHIGAN — PHONE: 

WOODWARD — 5-7947 


TENSILE TESTING MACHINE 1000 to 10,000 
Ibs. Steel City Testing Machine T.E. or similar. 
Details to QUALCO CASTINGS, P.O. Box 526, 
Acworth, Georgia. 





BACK VOLUMES — Wanted to buy for cash 
of foundrymen, TRANSACTIONS American 
Foundrymen’s Society and other scientific tech- 
nical Journals. A. S. ASHLEY, 27 E. 21, N. Y. 
10, N. Y. 


ELECTRIC ARC FURNACES FOR SALE 
Two-2000-lb side-charge furnaces complete 
with transformers, extra tops and electrodes. 
Low price for quick sale. FRED H. WUETIG, 
7445 Seuth Chicago Ave., Chicago 19, Illinois 
HYde Park 8-7470. 





FOUNDRY BUSIN ESS 
FOR SALE 


Owner wishes to retire from old estab- | 
lished foundry and machine shop business 
in Southern Indiana. Gray Iron Foundry 
operating with Machine and Pattern shops 
making our own products, as well as tak- 
ing over the production of two other 
foundries in the area. No jobbing work. 
Eleven acres of land and over 100,000 sq ft 
under roof, brick and steel buildings with 
cranes and equipment. Own fleet of trucks | 
shipping nationally. Very low taxes and 
overhead. Sales in high six figures. Highly 
rated. Excellent profit record. Low labor 
costs and non-union. Owner wishes to re- 
tire gradually over two year period. 
Price $300,000. At least one-fourth cash. 
Sales well below five times yearly earnings. 
Address: Jack Davis, Box 323, Princeton, 
Indiana. 








FOR SALE 


— Model TD4 Taccone Molding 
Machines (Automatic) 

— #9 Whiting Cupolas with 

Modern Swivel-Type Charger 
ABOVE EQUIPMENT 

SLIGHTLY USED 
Box B-103, MODERN CASTINGS 
Golf and Wolf Roads, Des Plaines, 
Ill. 
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A $13 Billion output by foundries in 
the next two years... 


$5 Billion in purchases of new foundry 
equipment... 


That’s what foundry executives are 
predicting right now. 


. . and there is only one place and 
time that the foundry industry can 
“look over what’s available’’ and plan 


its purchases for the next two years 
or more... 


1960 CASTINGS CONGRESS 
& EXPOSITION 


Philadeiphia e May 9-13 


If you want the Castings Industry to 
see the best you have to offer, just re- 
member that the 1960 AFS Exposition 


i j . will bring together, to view your ex- 
~ 4 hibit, an audience representing over 


90% of the capacity of the industry! 


an they See There is no quicker, surer, lower cost 
way of telling your product story — 


YOUR Products? face-to-face — to the men who will be 
making the specifying and buying de- 
cisions in the next two years. 


Have you reserved your space? If not, 
wire or call... 


64th Castings Congress & 
EXPOSITION 


PHILADELPHIA 
MAY 9-13 


AMERICAN 


FOUNDRYMEN'S SOCIETY 
Golf & Wolf Roads, Des Plaines, Ill. 
Tel. VAnderbilt 4-018! 
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International papers 
Continued from page 163 


As a result of this statistical compari- 
son, the two types of tensile test pieces 
proposed as international standards to 
be considered as equivalent. . . . 10 
pages in French. 


Solidification and Crystallization Prob- 
lems in Manufacture of Steel Castings by 
Bernhard Matuschka. 

Development of the _ solidification 
processes in iron and sand molds. 

Crystallization processes and forma- 
tion of casting structure. Progressive 
freezing after pouring. 

Liquid shrinkage, solidification shrink- 
age and solid contraction for unalloyed 
and alloy steel. 

Shrinkage in steel sand castings as 
compared with steel die castings. 

Gross shrinkage defects. Scattered 
shrinkage. Microshrinkage. Discontinui- 
ties in crystallization and _ solidification 
cavities. Spontaneous crystallization and 
crystal dross. . . . 7 pages in German. 


Grain Refinement in Cu-Al Melted Alloys 
by Andres Verges Trias. 

Experimental study shows the effect 
of alloying elements on the grain size 
and mechanical characteristics in alumi- 
num bronze type 90/10, poured in 
sand and metallic mold. 

The crystalline structure reveals itself 
by way of micrographic technics and 
the use of X rays. 10 pages in 
Spanish. 


On the Most Favorable Conditions for 
Nondestructive Ultrasonic Melted Alloys 
Testing of Cast Iron Test Pieces. by Jose 
Ors Martinez. 

The present paper gives a series of 
oscillograms obtained during the test- 
ing of a cast iron test piece under vari- 
ous conditions, i.e., test frequency, pulse 
width and amplification. In this manner 
the results obtained may be compared 
for determining which are the most 
favourable test conditions. . . . 6 pages 
in Spanish. 


A Graphic Solution to Risering by the 
Use of Exothermic Feeding Materials by 
Cesar San Jose Seigland. 

A description is given of partial tests 
carried out to adapt casting with exo- 
thermic feeding materials to casting 
with chills to increase the maximum 
feeding ranges. . . . 6 pages in Spanish. 


Thermal Processing and Techniques for 
Preparing the Patterns and Melting Some 
Types of Aluminum Alloys by Alvaro 
Quiroga Correa. 

In this paper the author presents a 
study of a series of aluminum-copper- 
zinc alloys. 

The author shows how good results 
are attained using a suitable technique 
for preparing the patterns an: melting. 

The paper includes a collection of 
macro and microphotographs. . . . 19 
pages in Spanish. 


Results of Tests on Nodular Cast Irons 


Inoculated with Cu-Si-Mg Alloys by 
Francisco Rodriguez-Yufera and Joaquin 
Orland, S.J. 

A series of tests run on castings inoc- 
ulated with copper-magnesium alloys, 
shows that the mechanical characteris- 
tics of the material thus obtained are 
homogeneous and the tensile failure 
loads are between 40 and 50 kgs/mm.? 
in raw casting condition or with heat 
treatment, it largely guarantees _ its 
strength against the greatest dynamic 
stresses. 

It is concluded that copper, which is 
much cheaper than nickel, can replace 
the latter. Alloyed with magnesium and 
silicon it can be used for producing 


spheroidal graphite castings of excellent 
mechanical and structural properties. 
.. . 30 pages in Spanish. 


Foundry Training by Manual D. Saenz 
De Tejada. 

Foundry training is described in gen- 
eral terms and the cyclical programs 
are detailed. There is some information 
on special instruction in molding and 
casting of steel. 

A word is said as well concerning the 
need for specialized men in metallurgy 
and the little interest existing in young 
men towards it. Some reasons are given 
for the possible solutions. . . . 4 pages 
in Spanish. 








Find out for yourself... 


”"Y STEVENS 


sells more 


LIQUID PARTING 


than anyone else 
in the world! 


Just fill out the coupon 
below for a free test sample. 
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frederic b. 
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Frederic B. Stevens, Inc. 
1800 — 18th Street 
Detroit 16, Michigan 


NAME 


is STE VENS, inc. 


------------------------5 


Please rush me a free test sample 
of Stevens Liquid Parting! 
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Russian foundry practice . .. 


is quite comparable to current Ameri- 
can technology and well worth watch- 
ing for new ideas. Statements and 
claims in these items about USSR 
metalcasting developments appeared 
in abstracts prepared by the Office of 
Technical Services, U. S. Department 
of Commerce, Washington, D. C. 


@ A series of experiments have re- 
sulted in a heat treatment which 
transforms graphite to the globular 
form regardless of its initial shape in 
the solidified iron. Cast iron test piec- 
es were heated to 2000 F in steel 
cylinders in the presence of lithium. 
After 15 hours at temperature the 
iron was cooled and found to be glob- 
ular in shape. 


@ With the aid of motion pictures 
and a mold with glass side walls, 
Russian die casting research has elim- 
inated air and shrinkage cavities. 
Study shows where to locate air vents 
and recommends: 1) in pressure 
chamber use a maximum of 500 kg/ 
sq cm for zinc alloys and 2000 kg/ 
sq cm for copper alloys; 2) inject 
metal at speed of 5 to 25 meters/ 
sec, depending on wall thickness. 


@ Russians are using new shell mold- 
ing lubricants based on methylsilicon 
residues which are 10 to 12 times 
cheaper than ethylsilicon liquid. New 
lubricant is more stable at high tem- 
peratures and leaves no scale on pat- 
tern. 


@ Two layer shell molds have netted a 
50 per cent reduction in labor and 12 
per cent reduction in casting costs. 
Process involved: 1) coating pattern 
with a 1.5—6 mm thick layer of silica 
sand bonded with 6 per cent phenolic 
resin; and 2) backing up this facing 
with a 20-25 mm thick layer of sand 
bonded with 6 per cent sodium sili- 
cate. 


@ Regenerative air blast heater for 
cupola uses iron balls, 3-10 mm in 
diameter, to absorb heat from outlet 
gases with temperatures 930—1470F. 
Balls are rolling around in a rotor 
through which the gases pass. Cold 
blast air is heated to 790 F by passing 
through the rotor and making contact 
with the hot balls. The air heater also 
acts as a cleaning medium for the 
outlet gasses. Alternate heating by 
cupola gases and cooling by incoming 
blast air requires integrating several 
rotors into the system for continuous 
operation. 


modern castings 
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@ To speed the cooling of molding 
materials Russian foundries are mixing 
iron turnings and shot into the sand. 
Experimental mixes have varied from 
20 to 80 per cent turnings or shot. 
The optimum mix proved to be a 
molding sand mixture containing 50 
per cent cast iron shot with a diame- 
ter of 2 to 3 mm. 


@ Five coke-gas cupola furnaces have 
been constructed at one Russian foun- 
dry. By burning natural gas in these 
cupolas, the six-month savings has to- 
taled 700 tons of coke, 230 tons of 
limestone, 160 tons of refractory 


bricks, 30,000 cubic yards of oxygen 
and 850 working hours. 


@ Iron ingot molds for making steel 
ingots are painted with aluminum. 
AlsO3 formed during pouring protects 
mold wall from molten steel attack. 


@ Research at the Institute of Metal- 
lurgy, USSR, discovered that 0.1 to 
0.2 per cent yttrium reduces grain 
size of many cast metals and improves 
their strength. Yttrium also dissolves 
completely in cerium and _ interacts 
with aluminum, iron and copper to 
form eutectic mixtures. 





Whatever 
you cast... 


Comes out 
KOPPERS Premium Foundry Coke 


You'll have fewer rejects—far better quality castings when 

you switch to Koppers Premium Foundry Coke. Car 

after car, Koppers delivers a superior coke that’s absolutely 

uniform in size, strength, structure and-chemical analysis. 

Because of the higher carbon content in Koppers Premium 

Foundry Coke, the foundryman can maintain a higher 

temperature range which increases the cleanliness of the 

iron. This in turn, helps reduce fuel consumption — means 

lower operating costs all around. Next time order 

Koppers Premium Foundry Coke. Available anywhere a | 
in the U.S. or Canada in sizes to meet your needs. on es eAces DAY'S tate to uate 


Koppers Company, Inc., Pittsburgh, Pa. certain you get foundry coke of the 
exact size and chemistry that is most 


efficient for the job. Analyses are 
available to your foundry on request. 
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MILWAUKEE 
SOLVAY 
COKE 


Since 1904 a standard of value. PICKANDS MATHER & CO. 


Consistently uniform in size Cleveland 14, Ohio 
and in structure ... Made of 

carefully selected coals of ee 
superior quality sf oth Always in Duluth « Erie « Greensboro « Indianapolis 
dependable supply. In brief, New York « Pittsburgh « St. Louis 
your best buy in coke. Wachingjen 





IRON ORE « PIG IRON «+ COAL 
COKE + FERROALLOYS «+ LAKE FUELING 
LAKE SHIPPING 
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